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RECORD AND REPORT—Pithy news items 


new corrosion control developments 


Complete Contents Pages and 


Amercoat No. offers the time tested protection vinyl coat- 
ings plus virtually foolproof application with cost reductions 
42%!* 


For application with either airless spray conventional spray 
equipment, No. companion coating Amercoat No. 33, 
the first practical vinyl maintenance coating. Introduced 1942, 
No. is...after years...still protecting more than 200 
million square feet steel structures the severest corrosive 
environments. And now, through exclusive Amercoat technologi- 
cal developments, you can have the proven protection No. 
PLUS the cost-cutting advantages No. 99. 


Highest solids content non-mastic vinyls 


Applied airless spray, one cross sprayed coat easily 
produces dry film thickness mils 


Applied with conventional spray equipment, dry film 
thickness mils obtained with just two coats 


Labor savings more than 50% have been reported, 
with material costs cut 35% 


Can applied directly over Dimetcote, giving two coat 
system unequalled any comparable system 


Recommended for use all types structural steel, 
tank exteriors and ships’ hulls 


You may obtain complete technical data including cost analysis 
showing savings you can realize with this coating writing 
Amercoat Corporation, 4809 Firestone Boulevard, South Gate, 
California. 


*Documented user report furnished request 


4809 Firestone South Gate, California 


921 Pitner Ave., Evanston, 360 Carnegie Ave., Kenilworth, N.J. 111 Colgate, Buffalo, N.Y. 2404 Dennis St., Jacksonville, Fla. 6530 Supply Row, Houston, 
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Cut maintenance costs 
Dearborn protective 


There’s specially developed NO-OX-ID® Dearclad® epoxy 
coating meet every maintenance problem. They’re long lasting... 
easy give complete mechanical and 
chemical protection even under severest conditions. 


Specify these scientifically formulated rust 
... for all structural steel, particularly corrosive atmospheres 


... for water tanks, exteriors and interiors plant piping 
yard all support and post footings 
... for metal parts and equipment, indoors out 
for running and standing operative 


if 

ifs 


Dearborn engineer always available help with your particular 
coating problems and recommend the type coating best suited 
your needs, Call him today. 


DEARBORN CHEMICAL COMPANY 


General Offices: Merchandise Mart, Chicago 54—Dallas Des Plaines, Ill. Ft. Wayne 
Torento Havana Buenos Aires 


Dearborn Chemical Company 
Merchandise Mart, Chicago 54, 


Please send without cost obligation your 
Threatens Your containing the Maintenance 
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three ways Corban helps cut 
secondary recovery costs 


Many producers are cutting expenses secondary 
recovery projects using Corban®, Dowell’s family 
versatile, low-cost corrosion inhibitors. Corban helps 
reduce costs three important ways: 


FIRST, Corban greatly extends the life tubular 
goods retarding corrosion. This holds true for surface 
lines well downhole tubing. 


SECOND, Corban works two ways reduce forma- 
tion plugging. reduces the formation insoluble iron 
salts—a result corrosion—that serious cause 
formation plugging. also acts detergent 
help disperse organic deposits. most fields, Corban 


PRODUCTS FOR THE OIL GAS INDUSTRY 


helps increase water injection rates and/or decrease 
injection pressures. 

THIRD, Corban reduces sucker rod failures caused 
corrosion. Sucker rod life has been lengthened 
dramatically when treatments using Corban were begun. 


Corban also helps control corrosion 
flowing oil wells and salt water disposal projects. Twelve 
different formulations are available meet wide 
range well conditions. Ask your Dowell representative 
for full information. Dowell services and products are 
offered North and South America, Europe, North 
Africa and Iran. Dowell, Tulsa 14, Oklahoma. 


DIVISION THE DOW CHEMICAL COMPANY 
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This Month Corrosion Control... 


UNCOATED ALUMINUM PIPELINES buried 
soil corrode when resistivities are under 1500 
ohm/cm, report beginning Page indicates. 
Details successful cathodic protction system 
mean current density only 0.225 milliamperes per 
square foot are given. 


HIGH STRENGTH 410 bolts subjected water 
containing chlorides, ammonia and nitric acid failed 
from stress corrosion cracking after days. Type 321 
bolts the same installation failed after months. 
Turn Page for details. 


POWER PLANT CONDENSER TUBING failures 
Jacksonville, Fla. power plants were brought 
abrupt halt when measured quantities ferrous sul- 
fate were added cooling water, Results extensive 
tests determine feeding rate, frequency feeding and 
relative effects chlorination, acid cleaning, among 
other factors are explored beginning Page 12. 


CIRCULATING COOLING WATER must treated 
prevent clogging with algae, destruction wood and 
corrosion metal components. How some these com- 
plexities are solved modern oil refinery described 
beginning Page 22. 


DEEP GROUND BEDS are advantageous when 
necessary avoid interference with adjacent cathodic 
protection systems metal plant. Some the design 
factors involved these installations are described be- 
ginning Page 26. 


FRANCE’s CORROSION CONTROL progress 
1960 indicated the papers listed NACE News 
this issue. Prof. Chaudron, NACE overseas correspon- 
dent, provided the list. 


REGIONAL NACE MEETING programs for South 
Central, Southeast and Northeast will found 
NACE News. The reports supplement earlier informa- 
tion. Some information the September short course 
Norman, Okla. the University Oklahoma given 
also. 


TANTALUM, which suffers hydrogen embrittlement 
few hours concentrated hydrochloric acid 190 
can protected placing platinum contact with 
tantalum-to-platinum area ratio 10,000 Re- 
sults experiments detailed beginning Page show 
also that corrosion rate tantalum not increased 
this contact, but some cases, decreases. The corrosion 
rate platinum reduced also. Among the interesting 
sidelights revealed that tantalum may become embrit- 
tled when subjected stray galvanic currents. 
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MICROBIOLOGICAL corrosion, encountered 
article beginning Page 92. The role the microor- 
ganisms responsible for the characteristic pitting en- 
countered covered detail, and techniques are des- 
cribed for detecting microorganisms which have the 
ability grow metal surfaces. 


PIPE-TO-SOIL POTENTIAL measurements can 
used distinguish between stray currents and galvanic 
currents. Rules are given for interpreting measurements 
and case histories are reported illustrating the proced- 
ures. Turn Page 97. 


OIL-ASH CORROSION may encountered temp- 
eratures low 895 article beginning Page 
102 indicates. Details method using differential 
thermal analysis find minimum temperature limits for 
the corrosive action oil ash are given. 


ZINC-FILLED INORGANIC COATINGS, rapidly 
growing popularity for maintenance highly cor- 
rosive environments, are considered detail report 
NACE Technical Unit Committee T-6B. Coatings 
engineers seeking coating for aggressive industrial en- 
vironments will find this authoritative article useful. 
Turn Page 107. 


CHLORINATED POLYETHER COATINGS can 
applied solutions, dispersions and through the use 
dry powder techniques. Characteristics, typical re- 
sistances, application techniques and other useful infor- 
mation will found beginning Page 110. 


LEAD CABLE susceptibility corrosives 
and the causes the reaction are briefly discussed be- 
ginning Page 115. 


SHOP PRIMING structural steel, often found 
inadequate base for subsequent application pro- 
tective coatings, discussed report NACE Tech- 
nical Unit Committee T-6D beginning Page 119. The 
report recommends practices, which, followed gen- 
erally, would materially improve the utility shop coats 
and reduce the cost later protective measures. 


EDUCATING INDUSTRIAL PAINTERS proper 
use the latest equipment and materials will bring 
many benefits both labor and management, report 
beginning Page 121 indicates. NACE Technical Unit 
Committee 6-D discusses the gap between technology 
and training, benefits gained, coordination train- 
ing standards, determination manpower requirements, 
tightening specifications, and actions management 
and trade unions, apprenticeship programs and available 
courses instruction. 
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THE NEW ALOYCO 
GLOBE VALVE DESIGN! 


Redesign sizes inches and larger in- 
volves conversion from rotating stem 
with rising handwheel and free floating 
dise non-rotating stem, non-rising 
handwheel with assembly pinned 
the stem. Advantages include: 


spiral wear pattern stem from 
hardened packing hard deposit 
stuffing box. 

Rapid visual check throttling con- 
trol observing location stem stop. 
galling back seat because ro- 
tating stem. 

galling between seat and disc. 

Stronger stem connection. 

Less corrosion attack because elim- 
ination cavity between stem and disc. 
For more information these Aloyco 
valves Stainless Steel and other cor- 
rosion resistant alloys, write for Bulle- 
tin #7, Alloy Steel Products Company, 
Inc., 1304 West Elizabeth Avenue, 
Linden, New Jersey. 
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Making Easier Know 


HILE SEEMS sometimes that all tenden- 

cies technology today are add compli- 
cations, forces are working toward simplifica- 
tion. Proliferation instruments for the precise 
investigation natural phenomena, while adding 
significantly understanding the physics 
materials, tends make the task the working 
engineer ever harder. 

New discoveries require much closer attention 
variables reactions than formerly was required 
and point unknowns which complicate decision 
making. 

One countercurrent this increasingly rapid 
flow minutae the development informa- 
tion storage and retrieval systems which bring 
hand minutes data which formerly were elusive 
after hours investigation. Another useful, and 
much more widespread counterflow, the growing 
number publications which seek provide indic- 
ative rather than detailed information, which digest 
and summarize. These fit readily into the activities 
most people technical vocations, They reduce 
more manageable proportions the time required 
keep abreast events. They help make that 
part the technical man’s time devoted reading 
about his job more productive terms useful 
information acquired. They recognize the indispu- 
table fact that the factor available time not 
extensible. 

NACE, keeping with its aims and obligations, 
has taken the factor time into account recent 
decisions affecting the association’s periodical pub- 
lications. full recognition the needs corro- 
sion control workers everywhere, the association 
introducing some facts about its new periodicals 
this month. Two new magazines designed make 
easier for the man concerned with protecting ma- 
terials his job will issued beginning 


January. 


One magazine will called 
This monthly periodical, designed the 
principal advertising medium corrosion workers, 
will make the time required read rewarding 
possible practical, useful-today information. 
This will accomplished two principal ways: 
Technical articles will the application and 
how you it” type. News about commer- 
cial developments meaningful 
plant from deterioration will increased vol- 
ume and usefulness. News NACE, its technical 
committees, and other organizations working the 
materials protection field will succinctly pre- 
sented. 

The second new magazine, published six 
times year, will take over the functions the 
section called “Corrosion Abstracts,” 
and the NACE Abstract Punch Card Service, 
which being discontinued after expiration 1961 
subscriptions. The association believes that can 
best serve the interests those who need literature 
references publishing this periodical, which will 
called Corrosion will contain ab- 
stracts technical literature much more 
date than those now appearing Corrosion. Re- 
searchers everywhere also will find the alphabetical 
subject index every issue time saving. 

The association’s 17-year-old magazine Corro- 
will devoted solely publication au- 
thoritative papers the scientific and engineering 
aspects corrosion control. This will advanta- 
geous because acquisition and retention reference 
files will made easier and simpler. 

These advances are designed improve accessi- 
bility the stores information made available 
NACE publications; serve the varied interests 
corrosion workers better, substantially increase 
the speed with which the information published 
and its accessibility. think the new arrangement 
will helpful all. 
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CPS-GREAT 
GRAPHITE ANODES 


upper 


Provide Delivery 


Cathodic Protection Service has always prided 
itself maintaining ample inventories Great Lakes 
Graphite Anodes supply its customers imme- 
diate delivery basis. Customers state this mighty 
important factor them. 

CPS graphite anodes are available two basic 
types REGULAR for all ordinary soil installations 
and SPECIALLY TREATED for saline soils and 


waters, and for suspension fresh waters. 


The REGULAR graphite anode electro- 
lytic grade anode which has been linseed oil impreg- 


Cable Address CATPROSERV 


TULSA 
2570 Harvard 
Riverside 2-7393 


PITTSBURGH NEW ORLEANS 
Delmar Ct. 1627 Felicity 


CORPUS CHRISTI 
1620 Brownlee 
TUlip 3-7264 


nated for distance one end for protection 
the lead wire attachment. CPS can install lead 
wires specification one day notice. 


The SPECIALLY TREATED anode receives 
overall impregnation with linseed oil vacuum 
treatment autoclave, thereby making excep- 
tionally resistant attack oxygen liberated the 
anode surface during current discharge. 


For further information regarding detailed ap- 


plications, please call write the CPS office nearest 
you. 


ODESSA LOS ANGELES 
5425 Andrews Hwy. 7531 Muller Street 
EMerson 6-6731 Downey, Phone 2-2045 


Vol. 
are shown the new 


ATHODIC PROTECTION has 
been used successfully 
coated, buried aluminum pipeline used 
gather natural sweet gas the Can- 


tuar, Saskatchewan field Western 
Canada. 
Eleven months after installation 


the line without any protection for cor- 
rosion control, the pipe was pitted 
deeply six different locations where 
soil resistivities were under 1500 ohm-cm. 
Also, interference effects were noticed 
where cathodically protected and wrapped 
steel lines crossed the aluminum line 
several locations. 

The pitted areas were mapped and 
depths many individual pits recorded. 
Then cathodic protection was applied. 
Nine months later when the line was 
re-excavated for inspection, measure- 
ments the pits showed that the cor- 
rosion had been arrested. 

Originally installed August, 1958, 
the Mobil Oil Company Canada, 
Ltd., the gas line consisted unpro- 
tected thin-walled pipe (AA3003 Alloy) 
the following quantities sizes: 
3700 feet 3-inch pipe with 0.083-inch 
wall, 20,000 feet 4-inch pipe with 
0.083-inch wall and 6000 feet 6-inch 
pipe with 0.134-inch wall. 

During installation, joints were welded 
the tungsten inert gas method. 
Flanged connections steel were insu- 
lated. soil resistivity survey conducted 
before the line was laid indicated that 
there would hot spot areas, but the 
line was installed without protection 
that long-line current effects could 
studied. serious trouble developed, 
hot spot cathodic protection was 
applied. 

Electrical leads were welded 
pipe facilitate measurements pipe- 
to-soil potentials. Several lengths alu- 
minum pipe with leads attached were 
buried beside the line hot spot areas. 
Depth the line was six eight feet. 

July, 1959, sections the line were 
excavated locations. Eight loca- 
tions were expected show signs 
corrosion due low soil resistivities 
and pipe potentials; the other four loca- 
tions were not expected show any 
corrosion. Pitting was found only six 
locations shown Table 

Table the pipe was accidentally dam- 
aged during digging. Twenty feet were 
replaced. Examination this piece 
showed that several pits had penetrated 
through the wall, but leakage had 
occurred because the corrosion product 
had plugged the holes. Line pressure 
was psi. 

Further excavation showed that 160 
feet pipe was affected; this was re- 
placed subsequently. Internal surface 
the pipe was excellent condition. 

Data Table show that pitting oc- 
curred mainly soils with resistivities 
1500 ohm-cm less and that inter- 
ference effects from nearby cathodically 
protected steel lines affected 
dence pitting some cases (particu- 
larly Excavation No. where the 
resistivities would indicate non-aggres- 
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Cathodic Protection 


for 


Uncoated Aluminum 


Aluminium Laboratories Limited 
Kingston, Ontario 
Canada 


sive soil). Therefore, hot spot cathodic 
protection was applied all pipe soil 
with resistivities 1500 ohm-cm less. 

Based the current density found 
necessary produce pipe-to-soil po- 
tential —1.05 —1.10 volts (copper- 
copper sulfate) short lengths alu- 
minum pipe buried low resistivity soil, 
target current density milliamps 
per square foot was chosen. result, 
magnesium anode beds were installed 
August, 

Current readings and pipe-to-soil po- 
tentials were taken November, 1959, 
and May, 1960. May, 1960, potential 
the line ranged from —1.22 
volts with average —1.11 volts. 
Average current density based the 
hot spot areas was 1.08 milliamps per 
square foot. 

One interesting fact about the instal- 


lation was that the whole line was raised 
potential —1.0 volts over with 
mean current density only 0.225 
milliamps per square foot. Future in- 
stallations will made lower current 

During the 1960 inspection, the line 
was re-excavated seven locations. In- 
dividual pits which had been measured 
year earlier had not deepened. Also, 
the white nodule-like corrosion products 
were dry and loose; they had been 
tightly adherent and gelatinous the 
earlier inspection when the line was 
corroding. 

Thus, corrosion has been arrested 
application cathodic protection with- 
out any evidence harmful side-effects. 
further examination will made 
1964 when the line will have been under 
cathodic protection for five years. 


TABLE and Depth Pitting 


Soil Resistivity 
o. Depth | Depth | Average | Maximum Remarks 

| 400 900, 30 36 Steel transmiassior lines crossing (under CP.) 
6 2400 | 1100 | A few shallow pits 

8 mt, 700 ‘cs 400 | 50 83 | Pipe perforated, steel flowline crossing (Under C.P.) 
9 200 1600 A few shallow pits 
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Stress Corrosion Cracking 


Failure High Strength 410 
Ammonia Contaminated 


Wilten 


Lamar State College Technology 
Beaumont, Texas 


air reheater and converter 
ammonia plant failed stress corrosion 
cracking after short service. They were 
submerged water jacket shown 
bolts (chrome 1.68, nickel 9.79) originally 
installed failed after months. Four 
Type 410 specially heat treated bolts 
(after lasting days) snapped off 
succession when being tightened for 
second run, 

Examination the Type 321 bolts 
showed many branched 
talline cracks illustrated Figure 

The Type 410 bolts, made 1-inch 
bar stock, were inches long and 
threaded one end for about 
inches. The fractured surfaces (carbon 
0.14, chromium 11.70) are shown Fig- 
ure Dark areas the fracture indi- 
cate partial cracking 
failure shown Figure Mechani- 
cal properties are given Table 

Tensile test stub ends after fracture 
exhibited longitudinal cracking. The 
fractures were typical star fractures 
heat treated steel. Longitudinal cracks 
extending inch from the fracture are 
uncommon. These cracks 
sulted from chemical segregation in- 
homogenieties resulting from the rolling 
operation. The circumferential cracks 


* Submitted For Publication July 23, 1960. 


were predominantly intergranular, fol- 
lowing parent austenitic boundaries 
shown Figure Martensitic structure 
the bolts and accompanying parent 
grain boundaries the austenite are 
shown Figure 

illustrated Figure the surface 
typical bolt near the fracture shows 
one area pitted while the surface lo- 
cated 180 degrees away not. The pits 
did not appear factor initiating 
cracks found thread roots. 


Though stress corrosion failures 
hardened chrome steel are seldom 
reported, symposium stress cor- 
rosion cracking number 
strength steels, including Type 410, were 
reported susceptible when exposed 
hydrogen Hardness the 
410 alloys appeared important 
factor these failures, which generally 
did not occur when the alloy was softer 
than Rockwell C20-24 (Brinell 230-250). 
shown Table failed bolts were 
considerably harder. 

microphotos show typical in- 
tergranular pattern found stress cor- 
rosion and because the oc- 
currence similar one reported 
containing ammonium 
leakage ammonia into the 
water was suspected. Examination 
showed gaskets the joint did permit 
seepage, thus producing environment 
similar that which the other re- 
ported failures occurred. 


WATER 


Figure 1—Water cooled re-heater inlet. 


Water containing ppm chlo- 
rides and contaminated with ammonia 
and nitric acid provided medium ca- 
pable causing intergranular attack 
hardened and stressed 410 bolts. (Nuts 
and washers the same analysis were 
not damaged). Influence hydrogen 
not believed have been significant 
factor because there was little difference 
between toughness metal failed 
and the sound bolts tested. This as- 
sumptoin subject error that hy- 
drogen may have diffused from the bolts 
between the time they cracked and 
when they were examined. 
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Figure 2—Transcrystalline mode cracking 
type 321 bolts typical stress corrosion 
cracks. Etch glyceregia, 300X. 
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Figure 3—Bolts that failed the water level. 

They were covered with loose rust and de- 

posits. Fractures were brittle with measur- 
able ductility. 


Figure 4—Fractures broken bolts. Light 
sections are final fractures occuring when the 
bolts were retightened. 


Figure showing intergranular mode crack- 
ing. Etch glyceregia, 88X. 


Figure 6—Structure specimen Figure 
Matrix martensitic. Parent austenite grain 
boundaries are clearly delineated. Etch 
glyceregia, 250X. 

Figure 7—One portion surface the bolt 
near water level which was subject pitting 
though surface 180 degrees away was smooth, 
showing sign corrosion. 


Tensile Percent Percent 
Strength | Elongation | Reduction Brinell Fe. L 
Material Lb. /Sq. In. In 2” Of Area Hardness | ““V’’ Notch* 


Bolts service but not broken. 


Broken bolt heated 1200°F 


* Tensile and impact tests were made on different bolts. 
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Reducing 


TUBE failure record the sur- 

face condensers installed the City 
Jacksonville’s municipally owned power 
plants prior 1955 indicated expected 
tube lite between six and nine years. 
Several tube materials had been used 
the years without 
indication that any were superior. 


Experience Southside Station 

January, 1955, 40,000 square foot, 
two-pass surface condenser with 
divided water box and reverse flow was 
installed the Southside Plant and 
identified No. Condenser. This con- 
denser contained 6370 one-inch, 
aluminum brass tubes. St. John’s River 
water was used for 
Average water velocity the tubes was 
fps. 

The unprecedented early failure 
considerable number tubes was totally 
unexpected. the end six 
service more, than 300 tubes had failed. 
Investigations water velocities, river 
water chemical characteristics, sediment, 
debris, shells and many other factors nor- 
mally known tube life were made. 
Sample tubes were removed from the 
unit and sent research laboratories 
several tube manufactuers for their 
analyses and 

months’ service, 863 tubes been 
plugged. Meanwhile, failure rate con- 
tinued increase. The situation was 
critical because was doubtful that the 
Jacksonville system could adequately 
meet the load requirements the unit 


Abstract 


Introduction of ferrous sulfate into supply water 
condensers cooled water from St. John’s 
River had the effect of bringing tubing failures 
to a sudden halt. Experiments were made by 
City of Jacksonville’s electric utility and water 
department over several months on several con- 
densers to establish proper amount of ferrous 
sulfate to be added, frequency with which ad- 
ditions must be made, relative effect of chlorina- 
tion, acid cleaning in service and reestablishment 
of protective iron film and others. Initial diffi- 
culties were attributed to two things. The scale 
that forms on inside of tubes forms a large 
cathodic area. When any breaks occur in this 
scale, the small anodic areas exposed are open 
to attacks. This attack is augmented by the im- 
pinging flow of the water which wipes clean the 
area under attack, helping to bring about the 
rapid failure. 

8.2.2, 7.4.2, 4.6.4, 5.8.2 


this time, reports from tube manu- 
facturers had been reviewed. the 
several reports received, the most sig- 
nificant analysis was made 
Bulow and Neill Bridgeport 
Brass Company Laboratory. 


Galvanic Couple Causes Pits 

Their report the City Jackson- 
dated Sept. 29, 1955, said part. 

“The pits along the outlet half the 
tube were all similar those caused 
impingement corrosion Since 
impingement corrosion generally occurs 
the inlet end tubes, this occurrence 
the later half tube required 
further investigation. Potentials were 
taken pit, the surface opposite the 
pit, scale covered surfaces, clean piece 
aluminum brass. These showed that 
there was significant difference the 
potentials the clean brass and the 


rosion 


surface opposite the pit. The difference 
was order .056 volts. has been 
found the past that when difference 
.05 volts more exists, corrosion 
greatly stimulated accelerated. 

“This type corrosion similar 
galvanic couple. The base metal 
aluminum brass has potential .231 
while the scale covered section 
has potential .175. There the sim- 
ilarity exists for the scale acts like 
cathodic piece metal. Then there 
are any breaks discontinuities the 
scale, the large cathodic area will cause 
the small anodic area subjected 
highly localized attack. 

“The failure the tubes this Unit 
(No. Southside) can then attributed 
two things. The scale that forms 
the inside the tubes forms large 
cathodic area. When any breaks occur 
this scale, the small anodic areas ex- 
posed are open attack. This attack 
augmented the impinging flow the 
water which wipes clean the area under 
attack, helping bring about the rapid 
failure the character the scale 
can changed, the probability fail- 
ures will reduced.” 

Figure shows section from tube. 
shows two kinds scale: one, light- 
brown and powdery, the other darker 
brown, shiny and more adherent. 
reason for the formation the scales 
this manner has been determined. 

The problem then resolved itself into 
how change the characteristics the 


*% Revision of a paper titled “Iron Sulfate for 


Condenser Tube Corrosion Control” presented 
at the 17th Annual Conference, National 
Association of Corrosion Engineers, Buffalo, 
Y., March 13-17, 1961. 


Figure 1—Tube failure showing two different 
types scale. Bridgeport Brass Co. 


tective. 


Use Iron Anodes Reviewed 


The work the late Evans 
the Phelps Dodge Copper Products 
Corporation about the use iron anodes 
for condenser tube protection was re- 
viewed. The Jacksonville Talleyrand 
Station Unit No. had used iron anodes 
1948. The beneficial effect these 
anodes generally was attributed gal- 
vanic action, but Evans had indicated 
that some early English experimental 
work postulated that protective film 
was built the tubes when the 
cooling water contained small amounts 
iron, 

Tests the St. John’s River water 
the Southside Plant indicated con- 
tained appreciable iron. The problem 
then appeared one how get 
iron into the cooling water quickly. 
All readily available, low cost iron com- 
pounds were studied. Ferrous sulfate 
was available from local chemical firms 


$56 per ton. contained percent 
iron and was readily soluble water. 
The remaining question was, would 
provide protective film the tubes? 

There was time experiment 
the laboratory, was agreed that the 
No. Condenser the Southside Sta- 
tion would serve full-scale experi- 
mental unit. Also, all other protective 
measures would taken immediately 
and soon the ferrous sulfate could 
obtained quantity, its application 
would begin. Thus, result the 
investigation, the following emergency 
measures were instituted the No. 
Unit the first week December, 1955. 

All magnesium anodes 
moved from the water boxes. 

Chlorination was reduced from 
three treatments minutes each 
two 20-minute treatments per day. 

Egg-crate grids for destroying 
vortices the intake screens were in- 
stalled. 

The return water box was vented 
the outlet water box reduce fail- 
ures the second pass. 

One hundred pounds ferrous 


were 


sulfate was mixed with water 55- 
gallon drum, and this solution was 
allowed mix with the supply water 
the condenser once each day. 


Tube Failures Are Ended 


Immediately after these measures 
were taken, tube failures (which had 
been occuring daily the No. Unit) 
ceased entirely. Figure the tube 
failure record this condenser through 
November, 1960, shows that from date 
the initial application the ferrous 
sulfate (December, 1955), tube leaks 
occurred until hydrostat test was put 
the condenser April, 1958. 

During the outage period this unit 
April, 1958, optical inspection 
the inner surface the tubes was made. 
Many pits were evident, but all appeared 
inactivated and coated with iron 
oxide. signs active corrosion ap- 
peared. this time, under hydrostatic 
test, additional tubes were found 
leaking. These were plugged, bring- 
ing the total 931. These tubes 
probably had been badly damaged 
the initial attack. 


(Continued Page 14) 


Plant Condenser Tubing 


Thomas Bostwick 


Electric and Water Utilities Department 


Jacksonville, Florida 


Figure 2—Tube failures record No. con- 
denser, Southside Station. 


STARTED IRON 


Figure 3—Tube failure record No. and 


condensers, Southside Station. 
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(Continued From Page 13) 

September, 1960, another hydro- 
static test showed more tubes were 
leaking, bringing the total now plugged 
945. The effect these plugged tubes 
turbine performance has been evalu- 
ated. Replacement these 945 tubes 
the 1961 spring overhaul 
generator unit appears justifiable view 
the prolonged life expectancy the 


remaining tubes. 


Treatment Extended 
Other Condensers 

After the dramatic cessation tube 
failures the No. Unit Southside 
Station, was decided broaden the 
experience record applying ferrous 
sulfate other condensers the sys- 
tem. was imperative that the ad- 
vantages the iron sulfate deter- 
mined units where other operating 
conditions protective measures cre- 
ated uncertainty the effect 
the treatment. 

The No. Unit 27,500 square foot, 
single pass unit the Southside Sta- 
tion) began show tube failures the 
fall 1955 after being retubed May, 
1955. December 15, 1955, leaking 


tubes had been plugged. When ferrous 
sulfate treatment was started late 
December, 1955, tube failures service 
ceased immediately. However, when this 
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unit was given hydrostatic test 
March, 1958, additional tubes had 
plugged. Since that time, more 
tube have occurred. 

The No. Unit the Southside 
Station, identical the No, condenser, 
was retubed September, 1955. Iron 
sulfate was added its cooling water 
before any tube leaks had been detected 
late December, 1955. tube failures 
have occurred this unit Novem- 
ber, 1960. protective film possibly was 
built the tubes this condenser 
before serious damage was done their 
surfaces. ferrous sulfate solution for 
initial soaking treatment new 
retubed condenser has been tried suc- 
cessfully. 


The tube failure record for the No, 
and Units the Southside Station 
shown Figure 

Successful use ferrous sulfate 
Southside No. and units indicated 
that the iron oxide film formed has 
some value protecting against im- 
pingement corrosion due average 
water velocities between 7.0 7.5 
fps. 

removed from the No. Condenser, 
Southside Station February, 1960) 
shows pits that are longer active, 
having been coated with the protective 
iron oxide film. This photograph was 
made the Revere Copper and Brass 
Corp. Laboratory and included re- 


Figure 4—Portion tube No. condenser, Southside Station. Figure 5—Old pits No. 
condenser, February, 1960. Phelps Dodge Copper Products. Figure 6—Thickness scale, No. 


condenser tube, 1960. Phelps Dodge Copper Products. 


Bates and Wilson Lynes. spite 
maximum pit depth 0.023-inch 
0.049-inch wall, serious failures 
are expected because the protective 
film formed three layers: (1) outer 


layer non-adherent, powdery, yel- 
lowish-orange hydrated iron oxide, (2) 
intermediate layer adherent, dense, 
dark-brown hydrated iron oxide and (3) 
inner layer consisting mostly 
cuprous oxide. 

portion this same tube (No. 
Condenser) was sent the Phelps 
Dodge Research Laboratory. Caruso’s 
report the City con- 
tained photograph showing old pits 
healed over with the protective film 


(Figure 5). 


another Mr. photo- 
graphs (Figure the scale deposit 
thickness shown well the pit 
depth. Scale thickness was 0.003-inch 
with pit depth. 


Protective Measures for 
Floating Power Plant 


The City Jacksonville operates 
floating power plant 30,000 
capacity. The 
unit served two side outlet con- 
densers, the tube failure record which 
(identified the Port and Starboard 
Condensers) shown Figure 
These units were retubed 1951. To- 
ward the end 1955, there were indi- 
cations serious tube trouble, with 
failures occurring with increasing fre- 
quency. August 1956, based 
the success the ferrous sulfate treat- 
ment other units the system, treat- 
ment was begun both condensers. 
tubes have failed since then. 


December, 1958, the floating unit 
was moved site further upstream 
the St. John’s River, where was 
almost impossible supply the unit 
with ton containers chlorine. Chlori- 
nation was stopped these units 
January 1959. April, 1960, sample 
tube removed from the Starboard Unit 
was heavily coated with scale which 
contained percent silica, which might 
have been protecting the tube and yet 
the ferrous sulfate was credited with the 
sharp tube failure rate reduction. The 
units were cleaned with inhibited hydro- 
acid plus low concentration 
hydrofluoric acid. 


This was real test the protective 
value the ferrous sulfate. Tubes 
these condensers were years old. 
the existing protective film was 
destroyed chemical cleaning, would 
rebuilt without incurring serious 
damage the tubes? The water side 
the condensers was cleaned May 6-8, 
1960. After the cleaning, one the con- 
densers was soaked iron sulfate 
solution for hours before returning 
service. The other was returned 
service with treatment until the third 
day operation. 

This allowed control bogey 
set cleanliness factor. These two con- 
densers were watched closely from the 
time they were returned service with 
particular reference maintenance 
acceptable cleanliness factor value. 
From May 15, 1960, August 17, 1960, 
chlorination was done; only the fer- 
rous sulfate treatment was used. that 
time the cleanliness had slipped slightly 
below the established bogey and was 
decided start the 
gram again. Cleanliness then improved 
about percent. new tube leaks 
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Figure 7—Tube failure record inductance 


condensers. 


have been found November, 1960, 
beginning the tenth year tube service. 


Experience 

Six condensers the Talleyrand 
Plant have been receiving iron sulfate 
since this treatment was started. Tube 
failure record two the older 
Talleyrand Units shown Figure 
proof the beneficial results the 
ferrous sulfate application. 

The ferrous sulfate used the City 
Jacksonville has chemical analysis 
shown Table This analysis was 
obtained that the mechanism. 
which ferrous sulfate solution reacts 
with the brass tube surface deposit 
iron oxide could 
Also, because others might 
chasing the product from other manu- 
facturers, there could trace elements 
importance the Jacksonville prod- 
uct. 


Using Impressed 
Current Anode 


Because the interest the use 
ferrous sulfate, information has been 
received regarding patented process 
commercially available Europe 
which iron oxide deposited con- 
denser tube surfaces using current 
impressed specially prepared anode. 
This not new those using cathodic 
protection intake screens and other 
metal surfaces the circulating water 
system. The explanation the French 
company the principle its patented 
process thought provoking. 


Their descriptive literature furnished 
Robert Anderson Cargill, 
says: “The setting operation the 
Ferpro process carried out stages: 


When water circulated not 
oxidizing insufficiently oxidizing, the 
new tube metal has reaction 
bad reaction; does not build, builds 
improperly, its protective oxides. 
like the skin new born baby, 
likely show corrosion. neces- 
sary act rapidly against corrosion 


TABLE 1—Analysis Ferrous Sulfate 


Percent 

Free Acid (H2S04), less than... .| 0.04 

0.05 


creating, before the putting into service, 
artificial oxide the tubes. The 
artificial oxide MnO2 obtained 
treating the tubes means solu- 
tion MnO4K. 

soon the apparatus put 
into service, one creates, still artificially, 
oxidizing limit layer appearing 
and regular iron-oxide film, 
previous oxygen, adsorbed the 
tube wall; this iron-oxide produced 
appropriate electric cell. 

“Tt necessary that (a) this ‘limited’ 
layer should oxidizing and obtained 
cheaply; the anode the electrolytic 
cell steel, the oxide layer composed 
incompatible with the exist- 
ence anaerobic bacteria. (b) the po- 
rosity this limited layer should 
such the oxygen penetrates and 
has the possibility depolorizing the 
corrosion coupled tube metal/iron-oxide 
which has been formed. meets 
this requirement and (the layer) thus 
plays the part sacrificed anode, the 
tube being the protected cathode the 
system. (c) the protective film should 
kept its normal thickness, spite 
its wear; this ensured through the 
amp/hr given current-rectifier 
the electrolytic cell, the steel anode 
which regularly consumed freeing 
the iron oxide.” 


Value Manganese Considered 

The use potassium permanganate 
build protective manganese di- 
oxide film quickly would appear espe- 


STARTED IRON 
SULPHATE 


TALLEYRAND_ 


Figure 8—Tube failure record Talleyrand 
No. and condensers. 


cially useful polluted harbor waters. 
Table shows 0.07 percent pound 
manganese dioxide each 100 pounds 
ferrous sulfate. Although relatively 
insignificant, accumulative basis, 
all were deposited the tube sur- 
face, might beneficial. 

The explanation the mechanism 
the patented process brings mind that 
No. Unit Southside Station was the 
first this station have cathodic pro- 
tection for the revolving intake screens 
using graphite anodes. Could the effort 
avoid the loss iron from this struc- 
ture have triggered early tube failures 
this unit? other installations, cor- 
rosion the intake screens 
racks was rapid, justifying installation 
impressed current protective meas- 
ures. 

meeting the American Society 
Mechanical Engineers’ Condenser 
Tube Research Committee Decem- 
ber, 1958, Stawicki and Ungar 
the Consolidated Edison Company 
New York reviewed their experiences 
with single tube calorimeter operated 
under laboratory conditions deter- 
mine ferrous sulfate could used 
place sodium hypochlorite main- 
tain condenser cleanliness. 

Results were encouraging. Because 
the objective was reduction operat- 
ing costs eliminating chlorine 
chlorine compounds for slime control, 
the City Jacksonville (through its 
Plants Efficiency Department) under- 
took field test the theory. 

Since the No. and No. Condensers 
the Southside Station are identical 
single-pass units and their performance 
has been continuously recorded, the past 
history since the retubing the units 
1955 was explored. The average for 
the year the daily cleanliness factor 
shown Figure This the record 
1956, 1957 and 1958 which the com- 
bination treatment ferrous sulfate and 
chlorine was used maintain perform- 
ance and reduce corrosion. addi- 
tional mechanical chemical cleaning 


(Continued Page 16) 


| a | 
" " 
ich 
di- 
on 
at- 
at- 
nit 
of 
ly = 


DECEMBER 


1955 AVG.6 MONTHS TREATMENT 
SULPHATE TREATMENT 


NATIONAL ASSOCIATION CORROSION ENGINEERS 


NO. 
SOUTHSIDE 


+ 


CONDENSER 
SOUTHSIDE STATION 

JACKSONVILLE FLORIDA 
CLEANLINESS FACTOR 


STARTED 


CORRECTED FOR: 
LOADING 


ANNUAL AVERAGE q 


COOLING WATER TEMP. 
COOLING WATER VELOCITY 


AUGUST 5000 AL- 


CONDENSER RETUBED 
BR. TUBES 


C.F. AVG. 
MONTHS— 
TREATMENT 


CLEANLINESS FACTOR 


NO. CONDENSER 
SOUTHSIDE STATION 
JACKSONVILLE FLORIDA 
CLEANLINESS FACTOR 
ANNUAL AVERAGE 


FACTOR 


100 


JACKSONVILLE, 
1956 
IRON SULPHATE 


STATION 


—t 


NEW 


TREATMENT 


CORRECTED FOR: 
STEAM LOADING 


CLEANLINESS 


COOLING WATER TEMP. 


MAY 1955 - 5000 AL.- BR. 


CONDENSER RETUBED 
TUBES 7/8" 


Power 

(Continued From Page 15) 
was done during this period. decrease 
ness these condensers occurred dur- 
ing these three years. 

1959 experiments were conducted 
determine whether not chlorina- 
tion could eliminated when the iron 
sulfate treatment was being used. This 
was done the No. Condenser (start- 
ing July 1959) shown Figure 
10. Cleanliness factors were maintained 
about percent until the last two 
weeks October, when the cleanliness 
the No. Unit dropped per- 
cent. Chlorination was started again 
November 1959. 

the No. Condenser chlorination 
and the ferrous sulfate were stopped 
mid-August, 1959. Cleanliness factor was 
maintained percent better until 
late October, when began fall below 
percent. Iron sulfate treatment was 
started again October 26. This 
also shown Figure 10. Also 1955 and 
1956 records give comparison the 
long trend decreasing performance. 

Experiments were not 
desired. appeared that the amount 


There also seems a_possi- 
bility that, once the beneficial 
iron oxide established, batch-type, 


periodic treatment with ferrous sulfate 
might sufficient maintain the pro- 
tection established. Further study 
factory dosage. 

1960, program was developed for 
the four condensers the Southside 
Station: No. and are identical units; 
No. and are similar design with 
difference surface area only. The No. 
and Units are two pass, divided 
water boxes and contain aluminum brass 
tubes; No. 40,000 square feet and 
No. 60,000 square feet. All use St. 
John’s River water for cooling. 

(See Table 


COOLING WATER VELOCITY 


Figure 9—Average daily cleanliness factor, 
Southside No. and condensers, 1956-58. 


and for comparison. 


TABLE 2—Analysis St. John’s River Water 


Phenolphthalei in Adlealtnity (CaCO3 


STOPPED 
JULY 


IRON 


1955 
NEW AL- TUBES 
TREATMENT 
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Figure 10—Cleanliness factor (1959) No. 
and condensers, Southside Station, stopping 
chlorination and/or iron sulfate treatment and 
also showing record for 1955 and 1956 No. 


1955 


TUBES 


TARTED 


NOV. 2 


SULPHATE 
OCT. 


Chlorides (NaCl).. 


Sulphated (Na2S0u). 


Calcium Hardness. 


Magnesium Hardne 


Chlorine Demand 


Total Solids (lon Exchange Method), 


January June 8 August 15 
1955 1955 1955 
7.2 


Dissolv ed Oxygen 


Outline the Experimental Program 


1. Iron sulfate, 1.0 ppm (Fe) twice a day for 
a 30-minute period 12 hours apart. “ chlorina- 
tion of this unit during test period. Test period 
to be determined by performance. Minimum 
cleanliness factor of 85 percent allowed. 

2. Foamed acid cleaning prior to start of ex- 
perimental treatment to establish maximum per- 
formance bogey for 5-year old tubes. Iron sul- 
fate at 1.0 ppm (Fe) twice a day for 30-minute 
periods, 12 hours apart. Chlorination twice a 
day for 30-minute periods 12 hours apart. 

3. Iron sulfate, 0.5 ppm (Fe) once a day for 
a 75-minute period. Chlorination twice a day for 
20-minute periods 12 hours apart. 

4. Iron sulfate 1.0 ppm (Fe) twice a day for 
30-minute periods 12 hours apart. Chlorination 
twice a day for 20-minute periods 12 hours 
apart. 

The results the No. and No. 
can seen Figure 11. 


Results With No. Unit 


Chlorination was stopped No. 
Unit April 23, 1960, and the iron sul- 


fate continued under careful control. 
-day average cleanliness fac- 
tors indicates gradual improvement 
performance the No. Unit until the 
last day July, moving from initial 
average cleanliness factor percent 
(first days April) maximum 
101 percent for the last days June. 

Cleanliness then began decline. 
seen 
percent minimum bogey was going 
reached unless treatment change 
was made. August 23, 1960, chlori- 


The 


August 15, could 


nation was started agai 


average, percent, was reached for the 
then the aver- 
age the first days September 
improved under heavy chlorine treat- 
ment average 89.5 percent. 
(Continued Page 18) 
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Ordinary cement would disintegrate time, but Stebbins for the Oxford Rumford, 
it 

ack rarely requires repair replacement. extremely corrosive action the chlorine 

Stebbins Engineering and dioxide used the pulp bleaching process. 

Watertown, New York, has proved the value are special fireclay acid type, and the ma- 

Laminac cement lining more than chlorine terial that holds them polyester 
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(Continued From Page 16) 


Results With No. Unit 


The No.2 Unit experimental program 
did not begin until June 20, 1960, be- 
cause the turbine was out service for 
overhaul. However, after the foamed 
acid cleaning, bogey maxium cleanli- 
ness factor for the 5-year old tubes was 
established 105 percent. Chlorine and 
ferrous sulfate were used the treat- 
ment outlined. The first days’ 
average gave cleanliness value 10] 
percent and the minimum value 94.5 
percent was reached during the last 
days July, gradually improving from 
this low point until the experiment was 
discontinued September 1960. 

The last days August showed 
average cleanliness 97.5 percent. 
this compared with the value for 
the same period the No. Unit (84 
percent), then the chlorination and iron 
sulfate had advantage over iron sul- 
fate alone some 13.5 percent the 
conclusion. However, the average the 
15-day cleanliness values maintained 
during the entire 121-day test period 
No. Condenser was 94.2 percent while 
the shorter test program the No. 
Unit days averaged 97.5 percent, 
only 3.3 percent difference. 

chlorine had been used the No. 
Unit during the period the 
same rate was applied No. the 
additional cost chemical treatment 
would have been $871. yearly 
basis, this could amount $7.20 per 
day total $2628. 


Cleaning Condenser Service Tried 


The No. Unit Southside Station 
had not had tube failure since was 
retubed 1955. the premise that 
condensers tubes were good condi- 
tion, having been protected the iron 
sulfate since December, 1955, was de- 
cided experiment with this unit 
determine the suitability foamed acid 
cleaning divided water box condenser 
with the unit service. This also would 
establish maximum performance bogey 
cleanliness for the unit. The cleaning 
contractor brought his crew and equip- 
ment September 19, 1960, starting 
the chemical cleaning September 20, 
1960. Load the turbo-generator was 
reduced commensurate with normal op- 
eration with one-half the condenser 
service and foamed acid admitted 
the inlet water box the half being 
cleaned. minutes from the time 
the foam was first started, chemical tests 
indicated the surfaces clean. The 
clean side was returned service; the 
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other half was drained and cleaned, 
flushed and returned service with 
elapsed time one hour and min- 
utes. percent inhibited hydrochloric 
acid was used temperatures not ex- 
ceeding 110 tube leaks occurred 
during the cleaning and none have oc- 
curred since. 

The ferrous sulfate treatment was not 
applied for three days after cleaning 
order that maximum clean tube per- 
formance record might established. 
Cleanliness factors averaged 112 percent 
for the maximum cleanliness bogey. 

After acid treatment, experimentation 
crease concentration ferrous sul- 
fate ppm (Fe) for minutes once 
every hours would hold cleanliness 
value satisfactory level with chlori- 
nation. Short-term results are encourag- 
ing. 


Results With No. and 


The No. and No. Condensers 
the Southside Station also were used 
controlled experimental effort estab- 
lish permissable minimums for dosage 
concentration and frequency treat- 
ment with ferrous sulfate. 

Chlorination both units was con- 
tinued under the normal program 
maintaining one-half (0.5) ppm resid- 
ual the cooling water leaving the 
condensers, with treatment twice day, 
hours apart. 

the No. Condenser, the ferrous 
sulfate treatment concentration was set 
one-half ppm iron with one 75-minute 
treatment day. 

The No. Condenser received 1.0 
ppm treatment, and the frequency was 
set twice day, hours, for minutes. 

The experimental records No. 
and condensers’ performance shown 
Figure 12. The beginning date was 
April 23, 1960, and work ended Sep- 
tember 1960. 

Previous this test, No. Unit had 
been receiving one-a-day treatment 
one-half ppm for 30-minute 
treatment. Condenser cleanliness had 
averaged percent. During the first 
days May (or days after the ex- 
perimental treatment was started), clean- 
liness factor decreased 5-day period 
from percent. Thermometers 
the cooling water and from the 
condensers were changed this time 
from two-degree division reading type 
one-degree division reading type. 

This experiment was continued though 
the cleanliness factor average fell 
percent for the last days June. The 
treatment was continued until Septem- 
ber 1960, and the cleanliness factor 
maintained 81.5 percent. 

The influence the thermometer 
change cleanliness factors needs 
considered. one-degree thermom- 
eter can read and calibrated easier. 
error degree reading river 
water temperature means error 
the cleanliness factor percent. How- 
ever, the earlier 5-year record the 
unit was based the two-degree ther- 
mometer and attempt adjust 
has been made. 

September 18, 1960, tube was 
removed from No. Unit for inspec- 
tion. dark-red, shiny and tightly ad- 
herent scale about 0.003 inch thick was 
affixed smoothly the inside the 
tube. Some surface dezincification was 
evident underneath this deposit. 

true knowledge could gained 
the effect the deposit heat transfer, 
only the condenser was acid cleaned 
and maximum value for the cleanli- 


ness factor established. spite the 
scientific value this determination 
was decided not remove this benefi- 
cial film from tube surfaces because 
the damage previously done them. 
this protective film were removed 
gain nominal improvement heat 
transfer, return the earlier fail- 
ure rate might result. values estab- 
lished No. Unit for the foamed 
acid cleaning will have sufficient 
for the present. 

The control unit (No. condenser) 
operated standard treatment, using 
chlorine and ferrous sulfate. Cleanliness 
this unit was maintained throughout 
the 135-day test average per- 
cent. 

This shown Figure and in- 
dicates that the treatment used No. 
better than that used No. 
the difference between percent and 
81.5 percent. This 15.5 percent differ- 
ence, but because the No. Unit held 
its cleanliness factor steady after the 
thermometers were changed and fur- 
ther deterioration occurred the heat 
transfer, the conclusion drawn that 
the one-half (0.5) ppm treatment once 
the 1.0 ppm treatment twice day for 
minutes. This appears proved 
also physical inspection the tube 
removed from the No. Unit. 


Conclusions 

Over the 5-year period December, 
1960, experimentation has led the 
following conclusions: 

Ferrous sulfate has been applied 
the condenser cooling water con- 
densers located three power plants 
the City Jacksonville System. All 
plants are using St. John’s River water 
for Ferrous sulfate has elimi- 
nated tube failures all condensers. 

Ferrous sulfate has not seriously 
affected the heat transfer rate the 
aluminum brass tubes where chlorina- 
tion the cooling was continued inter- 
mittently. 

Reduction the amount chlo- 
rine used can made whenever ferrous 
sulfate applied. One test made with- 
out chlorination showed 121 days 
operation without substantial change 
the condenser performance. One part 
per million iron sulfate was ap- 
plied twice day (12 hours apart) for 
minutes. 

Tube failures due erosion-corro- 
sion have been eliminated under average 
operating velocities 7.5 fps. Old pits 
are observed well protected with 
iron oxide. 

Iron sulfate treatments have been 
interrupted for periods several days 
more than week without adverse 
results, There are indications that, once 
the iron oxide film established, may 
maintained treatments irregular 
intervals. 

river waters that not contain 
small amounts iron, cathodic protec- 
tion intake structures, screens, con- 
denser piping and water boxes elimi- 
nates the iron oxide normally occurring 
corrosion products. Ferrous sulfate 
applied where cathodic protection in- 
stalled could most 

Condensers can chemically 
cleaned using liquid foamed acid so- 
lutions remove deposits including the 
iron oxide protective coating. This iron 
oxide film can restored without tube 
damage. 

New retubed condensers have 
been soaked strong circulating solu- 
tion iron sulfate for periods 
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hours establish protective film 
iron oxide before start-up. 

Weight loss sacrificial magne- 
sium anodes has been reduced much 
percent when iron sulfate ap- 
plied. 

10. definite conclusions have been 
reached minimum dosage, maximum 
dosage frequency treatment. Jack- 
sonville has standardized for the present 
one treatment day minutes 
with strength 1.0 ppm Fe. 

11. Experimental work without using 
chlorine continuing one condenser 
using 3.0 ppm Fe. Condenser perform- 
ance has been steady for days but 
now approaching percent. 


Conclusions Are Not Limited 


Private utilities, industrial organiza- 
tions and copper product manufacturers 
were queried establish background 
national scope the: conclusions 
herein need not limited local con- 
ditions. those contacted, five replies 
were received telling experiences 
others with this treatment. The compa- 
nies replying were St. Regis Paper Co., 
Jacksonville, Fla., Georgia Power Co., 
Brunswick, Ga., Dow Chemical Co., 
Freeport, Texas, Public Service Electric 
Gas Co., Bergen Station, New Jersey, 
and Consolidated Edison Company 
New York. 

Twenty other concerns replied indi- 
cating interest, but evidently their pres- 
ent methods satisfactorily meet their 
operating conditions. order that the 
sible, the author extends his sincere in- 
vitation everyone communicate 
and exchange information with him. 
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DISCUSSIONS 
Question Mortimer Bloom, Naval 
Research Library, Washington, 
the deposit magnetite? is, how 
you account for the decrease de- 
mand the magnesium anode? 


Reply Thomas Bostwick: 


analysis the scale formed due 
the use ferrous sulfate was made 
the Revere Copper and Brass Inc. 
Laboratories February 18, 1960 
Bates and Wilson Lynes. their 
report the City Jacksonville, they 
said: “The scale the inner surface 
the tube composed three layers: 
(1) outer layer consisting non- 
adherent, powdery, yellowish-orange 
hydrated iron oxide 
(2) intermediate layer consisting 
largely adherent, dense, dark brown 
hydrated iron oxide 
(3) inner layer consisting mostly 
cuprous oxide 

This, course, identifies the scale 
hydrated ferric oxide (Hematite). Mag- 
netite would identified the for- 
mula Also, physical examination 
the scale reveals magnetic prop- 
erties. 


answer Dr. Bloom’s second 
question regarding the decrease de- 
mand for the magnesium anodes, the 
City Jacksonville has not proved this 
and the evidence given the paper was 
from information supplied the City 
the St. Regis Paper Co. which their 
records had shown that the loss the 
magnesium from the electrodes used 
their installation had dropped from 100 
since the iron sul- 
fate treatment was started. 


This seems reasonable view the 
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Figure 12—Results 1960 experiment No. 
and condensers, Southside Station. 
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fact that the coating not only protects 
the tubes but appears upon the bronze 
Muntz metal tube sheet con- 
denser and doubt reduces the poten- 
tial difference between the cast iron 
water box and the bronze tube sheet, 
thus causing less sacrificial anode con- 
sumption. 


Question David Thompson, Ana- 
American Brass, Waterbury, 
onn.: 


What was the character the river 
water? 


Reply Thomas Bostwick: 


Revere Copper and Brass gave three 
analyses their report September 
27, 1955 shown Table 
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ELIMINATE CONCRETE EROSION WITH 
EPOLOID MASTIC BASE 5-E-84 


best describes Epoloid Mastic Base 5-E-84. 
Mixed with silica sand, protects new concrete— 


2 


5-E-84 can sprayed trowel consistency times faster than 
trowelling hand. can then rolled speedily smooth finish. 


Continuous coating over juncture between steel 
columns motors and concrete bases prevents seepage, rust- 


ing, erosion. 


INC. 


resurfaces eroded concrete—easily, 
quickly, welcome low cost—lower, 
believe, than any other product 
the market. 


Epoloid 5-E-84 gives long, long life to: 
concrete floors, walls, silos, holding 
tanks and cascade cooling tower 
pads. 
liners for salt brine tanks, waste 
trenches, sumps. 
bases for steel columns, pumps, 
motors. 
non-skid surfaces for ramps and 
industrial shower rooms. 


mortar for acid tile. 


EPOLOID 
MASTIC BASE 5-E-84 


...is 100% solids blend selected epoxy 
resins and plasticizers. provides extreme 
hardness, yet retains maximum flexibility. 
has excellent resistance abrasion and 
most chemicals. Requires priming when 
sprayed, cures rapidly. 


5-E-84 fills cracks, gives badly 
spalled, eroded floors better- 
than-new surface. 
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Cut Maintenance Coating Costs Half—or More 
With Rowe’s Tough One-Coat Epoloid 


FINISHES—IN ONE ONE DAY 
application ALL these plant maintenance coat- 
ing problems: 
Contamination between coats due humidity 
and/or chemical environment 
Insufficient downtime hours maintain struc- 
ture and equipment chemically active areas 
High cost labor for paint application 
1—Get heavy mill build protection sharp edges, 
nuts, bolts and other difficult contours. 
Large coating project with minimum man-hours 
available 
Economic imbalance between costs coating 
materials and short-lived, ineffective protection 
Large crib stock that requires too much space, 
too large investment and invites too much 
waste 
Delays plant production due in-progress 
painting same-day preparation and coating. 
ROWE’S ONE-COAT EPOLOID 
catalyzed epoxy, scientifically formulated with blend epoxy resins and plasti- 
cizers, combined with chemically resistant pigments. may brushed sprayed 
any clean surface, free rust and 
foreign matter, provide 4-6 dry 
mil thickness for full, long-life pro- 
tection surfaces and equipment. 
SAVE (50% labor costs 
two-coat (prime-finish) pro- 
cedure 
(66% labor costs 
gs. ish) system 
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NIAGARA FALLS, BUTLER 5-9348 
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Figure 1—Sulfuric acid requirement for cooling water. Figure 2—pH 
versus hardness for phosphate treated cooling water. Line represents 


precipitation line; Line represents percent line. 


Corrosion Control Aspects 


irculating Cooling Water 


OUR MAJOR objectives treating 
water, each related the 
others and all important the Corro- 
sion engineer, are (1) Controlling scale 
formation cooling surface, (2) Pre- 
venting corrosion metal 
with cooling water, (3) Preventing foul- 
ing the cooling surfaces and (4) 
Preventing deterioration cooling 
tower wood. 


Controlling Scale Formation 


Scale can defined solids, nor- 
mally solution, which are deposited 
heating surface. The deposition 
result the crystallization salts 
from locally supersaturated solution. 

Supersaturation occurs number 
true for most calcium and magnesium 
salts, evaporation the water, 
chemical reaction. 

thin viscous film water immed- 


iately adjacent hot surfaces becomes 
more concentrated scale forming salts 
than does the main body water. 
Saturation, and turn deposition, 
salts occur this thin film although 
the main body water the solubility 
the salts has not been exceeded. 

Scale formation can prevented 
removal the scale forming salts from 
the make-up water before the water 
used for cooling purposes. Lime soften- 
ing ion exchange are two methods 
removal. The economics such 
vidually. Generally, the make-up water 
contains more than 100 ppm total hard- 
ness and costs more than five cents per 
thousand gallons delivered the tower 
basin, pretreatment should con- 
sidered, 

Circulating water will become satu- 
rated with salts unless 
cause evaporating water leaves behind 
the salts contained. This concentration 
scale forming salts can controlled 
blowing down part the circulating 


water and adding equal quantity 
make-up water. 

Scale-forming salts water decrease 
solubility with increasing pH. Lower- 
ing the with sulfuric acid helps 
prevent scale formation. Alkalinity 
the make-up water and the desired 
determine the amount acid needed. 
Figure permits estimations the 
quantity required. 


Practical applications blowdown 
and acid addition are dependent each 
other. Because most commonly used 
water treatments contain phosphates 
and because calcium phosphate among 
the more insoluble salts, its solubility 
becomes the controlling factor pre- 
venting scale formation. 

Figure shows the solubility cal- 
cium phosphate, expressed total 
the circulating water. From this figure, 
blowdown and acid addition required 
prevent precipitation can determined. 
For safe operation, percent line 
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inserted this figure. Hardness the 
water should not allowed exceed 
the maximum value delineated this 
percent line. 


must pointed out that certain 
areas combination low alkalinity 
make-up water and acidic gases the 
atmosphere may have the effect de- 
creasing the pH. When this situation 
occurs, may necessary add 
caustic soda soda ash raise the pH. 


Preventing Corrosion 


Separate discussions corrosion and 
scaling problems are difficult because 
all water either corrosive scale- 

Before 1948, many corrosion engineers 
attempted adjust the and hard- 
ness the water form light pro- 
tective scale the cooling surfaces. 
These efforts were successful only when 
the temperature gradient across the 
cooler was small. What happened fre- 
quently, the hot ends scaled and the cool 
ends corroded, leaving only the center 
portion protected. 

The modern technique purposely 
adjust the water corrosive con- 
dition adding acid, thus preventing 
scale. corrosion inhibitor added 
protect the metal. 


This technique was discovered 
England during World War II. Con- 
sidered important national defense, 
the technique was kept not only from 
enemies but allies well. This con- 
cept, then known “High-Phosphate, 
Low Treatment,” finally was brought 
before the public 1947. The term 
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Abstract 


Major objectives treating cooling water 
are reviewed and steps suggested for con- 
trolling scale formation. Effects of cooling 
tower operation on water and water treat- 
ments are considered and the effects of pH, 
blowdown control and low-alkalinity 
makeup described. 


Factors involved choosing water 
treatment system are considered, and some 
examples successful systems described. 
Significance and control of fouling is dis- 
cussed and the effect of biological agents 
and treatment chemicals on tower wood 
detailed. 

4.6.4, 5.7.7, 5.7.8, 3.3.2 


* Adapted from a paper titled “Treating Today’s 


psoas | Cooling Water,” presented at a 
meeting of Northeast Region, National Asso- 
ciation of Corrosion Engineers, Huntington, 
Va., October 11-14, 1960. 


“High-Phosphate” was derived from 
ppm concentration polyphos- 
phate, which was much higher than the 
ppm ‘characteristic the so- 
called “threshold” treatment. The new 
technique was called pH” because 
the required 6.5 level was lower 
than that used for any previous treat- 
ment. 


Treatments this type are known 
today synergistic because the corro- 
sion inhibition the combined chemi- 
cals greater than the sum their 
individual contributions. Many molec- 
ularly dehydrated phosphates combi- 
nation with oxidizing materials exhibit 
this effect. 


These treatments function primarily 
anodic inhibitors. Because steel 
non-homogeneous material, parts 
become anodic the other parts when 
immersed water. current set 
which flows through the water 
causing the iron into solution 
the anodic areas. 


partial suppression the anodic 
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circulating 


area with inhibitors would only aggra- 
vate the corrosion. illustrate this 
potential hazard, assume that percent 
the steel area anodic and that the 
resulting uncontrolled corrosion rate 
mils per year those areas. the 
inhibitor successfully suppresses only 
half the anodic area, corrosion rate 
the remaining area would double 
mils per year. 


Four Inhibitor Combinations 


There are many combinations used 
today including polyphosphate-chromate, 
polyphos- 
phate-ferricyanide, 
cyanide-zinc, organic phosphates, 
polyphosphate-zinc, silicates, polyphos- 
phate-silicate, organic polyphosphates 
and metallic-polyphosphates. This article 
will discuss four the combinations. 

(1) Polyphosphate-cromate mixture 
probably the best combination inhibitor 
areas very low very high water 
flow. disadvantage, however, that 


(Continued Page 25) 


water 


Figure 3—Effect chlorine redwood. Curve represents 2.0 3.0 ppm chlorine; Curve 
represents 0.5 1.0 ppm chlorine. 
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Before Corexit: 
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HUMBLE OIL REFINING 
America’s Leading ENergy COmpany 


@ENCO and COREXIT are registered trademarks Humble Oil Refining Company 


After Corexit: 
Only rod jobs 
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CORROSION 
INHIBITORS 


COREXIT saved $1,010 per well per 
year one field $780 per well 
another has proved highly profitable 
thousands wells. both sour and sweet 
crude fields, COREXIT corrosion inhibitors 
prolong life sub-surface equipment, re- 
duce well-pulling jobs and prevent produc- 
tion losses usually through simple batch 
treatment. 

deep high pressure, high bottom- 
hole temperature wells, squeeze treatment 
with COREXIT opening new oppor- 
tunities for economical corrosion control. 
Only few treatments per year are usually 
required. 

Find out how COREXIT can cut your 
costs. Call your Humble Salesman, con- 
tact Humble Oil Refining Company, 
Houston, Texas. COREXIT available 
for immediate delivery from Humble Bulk 
Plants. 
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leakage certain reducing materials, 
such hydrogen sulfide, into the cir- 
culating water rapidly reduces effective- 
ness. Cooling tower blowdown also 
difficult disposal problem. 

(2) Polyphosphate-ferricyanide mix- 
ture gives good protection common 
lower velocities, pitting occures because 
the film decays faster than 
renewed. higher velocities, the film 
scoured off, and accelerated corro- 
sion follows. This inhibitor presents 
little difficulties blowdown dis- 
posal and not affected contami- 
nants. 

Zinc other metallic salts added 
these treatments improves their 
corrosion inhibitive properties. 

the circulating water high 
alumina, there the hazard 
cipitating aluminum phosphate. Under 
these circumstances the addition fluo- 
ride either the treatments described 
above would helpful. 


Cathodic protection sometimes used 
circulating systems; however, geom- 
etry the systems frequently prevents 
its successful application. 


Prevention Fouling 


The prinicipal reason for shutting 
down and cleaning exchangers and 
coolers drop heat transfer effi- 
ciency uneconomical value. Before 
modern treatments were introduced 
1948, this usually was result scale 
build-up the water side. After the 
scale problem had been solved, pre- 
viously described, the decrease heat 
transfer was governed the somewhat 
slower build-up fouling the prod- 
uct side. The use product side in- 
hibitors and detergents came into use 
about 1955 and substantially reduced this 
problem, especially the petroleum 
industry. 


The corrosion engineer’s attention was 
then directed toward water-side foul- 
ing. Fouling, opposed scaling, 
the deposition solids normally sus- 
pension the circulating water. Reduc- 
major problem confronting operators 
today. 

Suspended solids may consist dust, 
insects, scrubbed from the air flow- 
ing through the tower. Solids also may 
consist corrosion products, wood 
fibers, product contamination, and/or 
algae and slime growths. The largest 
part the suspended solids are the 
form colloids. 


Steel condenser surfaces contact 
with water, even though protected 
inhibitors, tend into solution. The 
iron atoms the metal surface must 
become iron ions order into 
This ionization process results 
the metal surface being covered with 
layer positively charged iron ions. 
These ions are electrostatic charges, 
opposed the electromagnetic forces 
that cause corrosion. Generally, colloidal 
particles moving stream acidic 
water tend become negatively charged 
and thus are attracted the positively 
charged iron surfaces. The resulting 
build-up the fouling process. This 
theory substantiated the fact that 
steel surfaces foul worse than copper. 
Iron, being more soluble water than 
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copper, has greater positive charge 
and attracts more particles. 


Prinicipal concern the corrosion 
engineer not the loss heat transfer 
encountered. Fouling imposes barrier 
film between the metal’s surface and 
the inhibitor solution. Doubling the 
film thickness decreases the diffusion 
rate the inhibitors factor be- 
tween four and eight. Pitting results 
because the inhibitor cannot completely 
protect the anodic areas. 


Reduction suspended solids clar- 
ifying the make-up water, locating the 
tower far from dust and contaminants, 
side-stream filtration and pretreatment 
after cleaning are all helpful. 

Controlling biological growths (algae, 
bacteria and fungi) probably the 
most important preventive measure. 
Algae are chlorophyl containing organ- 
isms that need light for growth. 
permitted grow uncontrolled, they 
produce massive growths whose weight 
can endanger the tower structure and 
whose mass can impede air flow. Even 
light growths, this biological material 
sloughs off and carried the circu- 
lating water fouling matter. 

These growths can killed 
variety algaecides such 
phenates, copper compounds, mercurials, 
bromine and chlorine. 


There some controversy about the 
relative merits continuous versus slug 
feeding algaecides. Slug feeding 
cheaper and keeps the organisms from 
developing tolerance; however, they 
grow intervals between applications, 
and then, when the chemicals are ap- 
plied, slough off aggravate fouling. 


Preventing Deterioration 
Cooling Tower Wood 


The most objectionable constituents 
cooling water are those that produce 
high alkalinity and pH. Waters with 
higher than 7.0 7.5 attack the 
lignin binder the wood and allow the 
cellulose fibers wash away. This 
known chemical attack delignifica- 
tion. The modern technique main- 


CORROSION RECTIFYING COMPANY 
The Only Fully Diversified Organization 


Offering consulting and technical studies for Cathodic 
Protection Chemical Treatment Scale 
Treatment Coating Applications 
Paraffin Treatment 


CORECO fully diversified corrosion organization composed top-flight specialists 
who-are experts solving all types corrosion, water handling and related problems. 
The diversified services Coreco include field surveys and tests, laboratory analyses, 


and design proper mitigation programs, thus reducing the time and costs normally 
incurred for multiple services for the solution such varied problems. 

Prompt, efficient and economical assistance available all Coreco’s conven- 
iently located, well staffed offices. 


You save time and money using CORECO’S fully 


diversified 


HOME OFFICE: 5310 Ashbrook, 


BRANCHES NEW ORLEANS, DALLAS 


taining the water the acid side has 
minimized this type wood deteriora- 

High concentrations chlorine 
alkaline water attack the wood; how- 
ever, they are not the destroyer that 
they sometimes are claimed be. 
Chlorine used reasonable concentra- 
tions (0.5 1.0 ppm) normal cool- 
ing water (6.0 pH) has slow 
enough rate attack that will not 
affect the normal life cooling tower 
wood (20 years). Figure graphic 
presentation the rate chlorine at- 
tack wood high and low concen- 
trations. 


Wood also deteriorated micro- 
biological attack. This type attack 
effect the opposite chemical attack. 
Fungi living the lumber selec- 
tively attack the cellulose fibers, con- 
suming food for growth. This leaves 
residue high lignin. There are prin- 
cipally two types wood deterioration 
micro-organisms. Deep internal 
rot probably more dangerous than 
surface rot. Wood affected deep rot 
characterized appearing sound, but 
upon closer examination, the wood has 
lost its structural strength. not 
uncommon, however, find severe de- 
terioration due surface rot. 

There known water treatment 
that will stop microbiological attack. 
The wood must treated before use 
the tower. Creosote copper-chromate- 
arsenite impregnation appear best. 

The use other materials for tower 
construction would eliminate this prob- 
lem. Studies the use such materials 
plastics, ceramics and laminates are 
under way, but these subjects are be- 
yond the scope this article. 


Many the problems the cooling 
tower operator has faced have been 
solved alleviated. More 
studied and progress being made to- 
ward their solution. the past may 
used criteria, tomorrow’s circulating 
cooling water will pose problems not 
even recognized today. 
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Figure 1—Potential change the surface 

the ground surface bed and deep well 

bed. Curve for surface bed; Curve for 

deep bed. Arrows indicate the point 
anodic interference. 


Introduction 
EEP GROUND beds, although 
new some cathodic protection 
engineers, are not any means new 
conception. Some uses deep well cas- 
ing for ground beds were made early 
1941. 

Advantages the deep ground bed 
were not fully recognized until recently. 
Now these beds are becoming more 
universally used, their advantages and 
disadvantages are becoming more ap- 
parent. The deep ground bed has 
emerged not cure-all but another 
tool for the cathodic protection engineer. 

This article attempts analytical and 
practical study the deep ground bed. 

Claims have been made that deep 
ground beds are used widely because 
they reduce interference, increase cur- 
rent distribution and cost less. Like 
many claims, these are true some 
cases and not true others. Only under 
some conditions interference reduced. 
Various factors can affect current effi- 
ciency. Ground bed design compo- 
nent cost factor; whether the cost 
more less depends installation 
method and geological formations. 

Deep ground beds using casings 
anodes not extending below 200 feet are 
not considered this article. The bed 
described this study isolated 
current source 200 feet more below 
the surface the ground, being con- 
nected series insulated wires 
rectifier the surface. Beds in- 
stalled are not cased but backfilled 
pouring pumping backfill around the 
anodes. 


Ground Bed Design 


When deep ground bed installation 
being considered given area for 
the first time, all available information 
should gathered the subsurface 
formations 500 feet. Water well logs 
can obtained from well companies. 
From this information and taking 
soil resistances the surface and 
using the four point method for depth, 


Theory and Application 


can decided whether the area 
suited for deep bed installation. When 
information not available, drilling 
exploratory hole may necessary. 
Careful observation and testing hole 
cuttings will give accurate picture 
underground strata. 


Although not often found, the best 
situation for deep ground bed 
overlay sandy clay 150-feet thick- 
ness with homogeneous (1000 ohms 
less) 100 feet thick underneath 
which the ground bed can installed. 
This does not mean that deep ground 
bed cannot installed any other for- 
mation but merely cites ideal situa- 
tion. bed can installed high re- 
sistance sand that the only soil 
available. 

Because soil strata are too varied 
analyze possible combinations 
article, condition favorable for deep 
ground bed installation will assumed 
for purposes discussion. 

The following recommendations for 
bed design may not the best the 
least expensive, but they have been 
proved the field. 

The main question design involves 
hole size, anode type, size and number 
used. Dwight’s equation can 
used obtain reasonable figure for 
these design considerations. This equa- 
tion gives endless convergent expres- 
sion for resistance cylinder whose 
length great compared the diam- 


eter: 


where ohm centimeters and 
and are length and radius the cylin- 
der centimeters. 

practice, the radius whole value 
and fluctuates between and inches 
because would not feasible drill 
hole smaller than inches which 
anodes could placed. Also, most small 
drilling rigs cannot handle bit size 
over inches diameter. 


Grounc 


The function half value 


the hole size were doubled; therefore 
this function would have values the 
order 500 1000 with the length 
anode the order feet. Under 
these figures, the natural log would vary 
from 6.2 6.9 order achieve 
this percent change 
four times the volume cuttings would 
have removed from the hole and 
four times more the drilling costs. 
Once these facts have been determined, 
the diameter the hole set arbi- 
trarily figure sufficient provide 
for the anodes, backfill and within the 
bit range the drilling rig used. 

For calculating the economical length 
anode, drilling and installation costs 
are assumed vary directly with the 
percent money costs and straight line 
power rate. Formula (1) with the 


assumption that the natural log por- 
tion would have values from 500 1000, 


then the portion can simplified 


approximate value 5.6 and For- 
mula becomes 


0.895C 
Liem) 


Letty 


(2) 


when centimeters. this equa- 
tion, the resistance inversely propor- 
tional the length where the soil re- 
sistance remains constant. should 
noted that the assumption was made 
anode length about feet. 
anode lengths vary more than per- 
cent from this, the function should 
values from 250 2000, which propor- 
tions could inject error percent 
more. 


% Revision of a paper presented at the 17th An- 

nual Conference, National Association of Cor- 
rosion Engineers, March 13-17, 1961, Buffalo 
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Power operating costs per year would 
stated one the two following 


1000 


where equals current amperes and 
equals resistance ohms the 
ground bed earth. The figure 8760 
hours per year. The figure for 
assumed efficiency percent, and 
equals cost per KWH dollars. 

Substituting Formula (2) with 
(X) (1?) (R) (17.52) 


(.514) 


Therefore, for given soil resistance 
and current, the power costs vary in- 
versely with the length. Cost varies di- 
rectly with the length, the total costs 
equal times with being the unit 
cost per foot. years the assumed 
life with percent interest costs, the 
yearly total costs will approximate 0.08 
times times The optimum length 
will where the power costs per year 
equal the installed yearly operating 
costs: 


(.514) 


(3) 


The practicality Formula (3) can 
tested determining the length 
anode for current flow amperes, 
soil 2000 phm centimeters, power cost 
cents per KWH and anode cost 
per foot, all inclusive, about nine dol- 
lars: 


The resistance the anode bed 


earth will follows: 


65.5 


.895 ohms 


Since the length anode has been 
established the basis resistance, 
realized under some soil con- 
ditions that the anode length 
come short provide too little 


Abstract 
Discusses advantages deep ground bed 
anode installations comparison with 
surface ground beds. Defines deep bed 
installation as an_ isolated current source 
200 feet more below surface ground. 
These beds are not cased but are back- 
filled pouring pumping backfill 
around anodes. Presents formula for de- 
termining hole size, anode type size and 
number for an installation. Briefly dis- 
cusses methods of supporting anodes. Ex- 
plains that deep well anode systems can 
decrease anodic interference but do not 
insure against anodic interference and do 
not affect cathodic interference problems. 
Also discusses deep ground bed’s efficient 
use current. Explains how cost sav- 
ings can made through use deep 
ground beds. 5.2.2 


consumable anode material. this case 
the length would set provide the 
necessary material. the calculated 


length less than more than 
the value should calculated 


and the solution refigured. 

deep ground beds, separate lead 
wire advisable from each anode 
the top the ground. This enables the 
amount current discharging off each 

(Continued Page 29) 


Figure 2—Earth potential with copper sulfate half-cell relative copper sulfate half-cell 
placed directly over the line being investigated. Curve One for bare line 30,000 ohm-cm 


soil; Curve Two for bare line 5000 ohm-cm soil; 
and Curve Four for well wrapped line. cathodic interference could occur 


ohm-cm soil; 


Curve Three for bare line 1000 


the wrapped line (Curve Four). the other three lines, conditions were present for cathodic 

interference. the case the 5000 ohm-cm (Curve Two) foreign structure would have 

within feet for cathodic interference (indicated arrows Curve Two). the 1000 

ohm-cm soil, foreign structure would have within three four feet order for cathodic 
interference occur, shown curved arrows Curve Three. 
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Corrosive 


The extreme corrosive conditions found metal finishing 
departments pose some the toughest coatings problems for 
corrosion engineers. Here, pickling and plating equipment, well 
structural steel and fixtures, are under constant attack from 
fumes and spillage corrosive acids and salts. 


Wherever the going roughest tanks, conveyors, ventilators, 
walls and ceilings you'll find Tygon usually the recommended 
coating. Why? Because Tygon Paint has proven record 
success against corrosion. Tygon lasts longer, continues give 
protection many cases long after other paints have failed, thus 
costs less the long run. 


Another important factor that the broad Tygon line permits 
application specialized protection against wide range 
specific corrosives and exposure conditions. vinyl-base coating 
seems best for the job, one several Tygon formulations may 

specified. epoxy type coatings are required, Series “E” 

Tygon Epoxy Coatings offer excellent, long-lasting protection under 
the conditions for which they are recommended. 


Try Tygon your next stubborn corrosion problem. Bulletin 760 
gives the complete Tygon Coatings story. Write for 
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Anode Beds sistance must very low. using the where backfill resistance ohm- 
formula, the vertical resistance cm, area centimeters cross 
(Continued From Page 27) the backfilled hole can determined: the hole, with equal 
ohm-cm, 183 square centimeters 
anode readily recorded and pre- 6-inch hole for resistance ohm, 
vents loss the entire bed one anode (Continued Page 31) 
lead wire fails. 
The lead wire generally smaller TABLE 1—Partial List Backfill Materials for Deep Well Anodes 
than No. wire with breaking 
strength 440 pounds. Insulation 
the wire the utmost importance; Material How Results 
the high molecular weight polyethene Pumped Unsatisfactory: jams hose, destroys pump 
ty P ved be one the Poured | Generally satisfactory except for hole 
Vertical placement bridging 
pecial consideration because the end Petroleum coke breeze** Poured pumped Satisfactory: than 
inconsequential; therefore the anodes Graphite* (flake) fine ground.......... Pumped Excellent: backfill placed where needed 
can stacked top each other with Poured Satisfactory except for hole bridging hazard 
very small increase resistance because 


interference. Experience has shown 
that spacing four times the hole 
diameter will increase output, attributed 

the end fringe effect the anodes. 
Although 3-inch anode gener- 

ally used, there reason why 1%, 

6-inch anodes could not used. 
the smaller anodes were used, the 
natural Formula (1) would in- 
q 


* It is assumed that coke breeze and graphite materials to be used will have a certification of resistance. 
This usually is below 50 ohm-cm. $ 5 
** Petroleum coke breeze must be calcined to be effective; otherwise resistance will be too high. 


crease value. 

previous computations this ar- 
ticle, resistance the anodes was fig- 
ured using the hole diameter. This 
can done only when backfill used 
which has resistance low that for 
practical purposes the anode becomes 
the well. 

determine the effect the back- 
fill, the resistances are calculated sep- 


arately. First the resistance deter- 
mined the anode and backfill the 
mula 


periphery the well using the For- 


(.012)(C) 


where ohm centimeters, and 
the same units and feet. 


the well radius, the anode radius 
and the anode length. Assuming 
backfill with ohm-cm resistance, 


ohms 


Standard Magnesium VIBRA-PAK anodes pro- 
vide the best possible protection against 
corrosion underground and underwater 
structures because: 


QUANTOMETER CONTROL means greater 
accuracy (within .0001%) than any other method. 
gives printed analysis each melt before 
and after pouring. This means every anode you 
order meets exact specifications. 


THIN SPIRAL CORE ... perfectly bonded, gives 
more useful current per anode because will 
not segregate. 


Ro — 


Thus, the anode backfill resistance 
fill. The well-to-earth resistance 
6-inch hole 1000 ohm-cm soil 3.52 
ohms. Total anode-to-earth resistance 
equals 0.0115 plus 3.52 minus 3.53 ohms. 
different situation encountered 


1000 ohm-cm. Total anode-to-earth re- form, the complete 


matter what the installation, Standard 
Magnesium anodes will provide far better, 
more economical protection against corro- 
sion. Insist Standard Magnesium anodes. 


sistance then becomes 4.63 ohms. 

For successful deep well 
stallation, backfill material should not 
exceed resistance ohm-cm when 
moistened with the water which the 
backfill will mixed and packed. This 
will simulate hole conditions because the 
pressure the hole bottom will exceed 
150 psi. 

small amount current leaves the 
anode end and discharges from the 
backfill. For this occur, backfill re- 


story why Standard 
Magnesium Vibra Pak 
anodes are better! 
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Tube-Kote coatings are custom 
manufactured Tube-Kote’s own 
Houston plant for application all 
branch plants meet the exacting 
requirements service oil field 
tubular goods 


Tube-Kote the only company 
its type have fully staffed and 
equipped research facility de- 
velop superior coatings and 
supervise quality control every step 
the way during coating applica- 
tions 


Tube-Kote the only coating com- 
pany capable giving you com- 
pletely qualified sales engineering 
assistance and the research ability 
help you with your specialized 
coating lining needs 


Tube Kote the only company 
its type mark each length 
pipe identify grade and 
type coating with markings 
baked stay 


Tube-Kote automatically holiday 
checks every length pipe 
assure quality applications 


With large coating plant facilities 
Houston; Harvey, Louisiana; 
Midland, Texas and Edmonton, Al- 
berta, Canada, you can assured 
uniform high quality because 
the automated processes and Tube- 
Kote’s research department’s 


get insistence upon supreme high 


quality 
for Considering the importance the 
coating you apply your oil field 
tubular goods, and the comparative 


high cost coating failures, 
doesn’t make good sense ask 


coat dolla for and demand Tube-Kote coat- 
ings, the finest available? 
when you specify 


Service Mark Reg. U. S. Pat. Off. 
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the current must travel total length 
18.3 centimeters 7.2 inches. the 
backfill resistance can reduced suffi- 
ciently, current can discharged 
through the length the backfill from 
one anode. With currently available ma- 
terials, this impractical. 


Gas blocking hazard deep well 
installation. The higher the current dis- 
charge, the greater this hazard. beds 
with current drainage amperes 
less, this gas blocking hazard almost 
stallations. Main reason for this seems 
the anode backfill contact 
sufficient that little current 
transmitted through the electrolyte 
good backfill properly placed. This 
electrolyte transmission occurs the 
hole periphery, and the gas generated 
apparently absorbed the porous 
strata. Where high currents are antici- 
pated overlying strata are homogen- 
ous clay, provision for gas venting 
must made. 


partial list backfill materials for 
deep well anodes given Table 
showing method application and re- 
sults usually obtained. 


Methods Supporting Anodes 


ways can used support 
the anodes the hole. One sup- 
port the anodes the lead wire. This 
method often used when 
filled poured into the hole. The anodes 
can easily adjusted down 
take advantage the best low resistance 


When the backfill pumped, 
another method anode support can 
used: the anodes can bound 
pipe metal straps. The back- 
fill then pumped through the pipe 
from the bottom that the backfill 
rises and covers all the anodes. This 
method provides means for centering 
the anodes placing spacers the 
ends and middle the pipe. 


Interference Reduction 


When interference occurs, the natural 
potential the earth changed posi- 
tively negatively. Anodic interference 
the more damaging the two be- 
ing the ground bed proximity. Re- 
duction the magnitude potential 
changes the vicinity neighboring 
structures will reduce the chance in- 
terference. 


field test was made show the 

potential change the ground surface 
surface bed and deep well bed. 
This test shown graphically Fig- 
ure Point anodic interference 
for deep ground bed 100 feet; that 
point for surface ground bed 300 
feet because some potential change 
noted 250 feet. 
Cathodic interference, unlike anodic 
voltage depression the earth’s natural 
equipotential lines. Figure shows the 
earth potential with copper sulfate 
half-cell placed directly over the line 
being investigated. These potential 
curves were run one-foot steps 
both sides the line. 


One curve was run the wrapped 
line, and curves the bare line soils 
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remote 


bed drain 


deain pipe 


Figure 3—As the drain point approached, pipe potential ground increases greatly, causing 
the structure nearest the drain point pick-up unnecessary current. This aggravated 
lessened earth potentials this point created the ground bed. 


deep well anode 


gtound surface 


Figure 4—Diagram typical deep ground bed installation which can improve efficiency 
current use. High resistance sand tends spread current over wider area. Wires used 
are insulated. 


with 1000 ohm-cm, 5000 ohm-cm and 
30,000 ohm-cm resistances. This investi- 
gation revealed that the case the 
well wrapped line, cathodic interfer- 
ence could occur. the case the 
bare lines, the conditions for cathodic 
interference were definitely present. 
Further observation the curves re- 
veals that the 1000 ohm-cm soil, 
foreign structure would have 
within three four feet order for 
cathodic interference occur. the 
case the 5000 ohm-cm soil, the for- 
eign structure would have within 
feet. was further determined 
(but not shown the curve Figure 
that 30,000 ohm-cm soil, cathodic 
interference could occur with 
tected bare line where the foreign struc- 
ture was within feet proximity. 
the high resistance soils, although con- 
ditions for interference are present, the 


(Continued Page 32) 


Make SEA WATER 


SEA RITE SALT 


for CORROSION STUDIES 


oz. Sea Rite Salt crystals 
one gallon tap water produces lab- 


oratory sea water quickly, inexpen- 
sively. Provides uniform, constant 
results based composite an- 
alysis. Immediate delivery any 
quantity. Technical literature 
request. Write, wire, phone now! 
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magnitude interference currents would 
very small. 

Interference caused the low soil 
potential permitting the 
ture gather currents and conduct 
them the low potential area and then 
discharge. These currents can either 
large small, depending soil resist- 
ance, Ine size, continuity and other 
factors, 

Deep well anode systems can decrease 
anodic interference but not insure 
against anodic interference and will not 
affect the cathodic interference prob- 
lem. 

Solving interference problems has 
been discussed other published ar- 
and not within the scope 
this article, but should added that 
the best method for finding interference 
currents line current measurement. 
potential measurements often are 
confusing and should avoided for ex- 
cept for exploring purposes. 


Efficient Use Current 

deep anode installation can make 
more effective use current than sur- 
face bed. Some claim also 
made that current feeds from the bot- 
tom, thus retarding one the most po- 
tentially corrosive areas. some soils 
the structure seems adversely af- 
fected the bottom, but this not 
usual condition. 

surface bed remote enough 
from the structure under protection 
provide the same anodic potential grad- 
ients the structure vicinity the deep 
well bed, then claim can 
more effective use current. But 
only rare cases this same degree 
remoteness possible economically 
deep well anode bed any other way than 
remote. Deep anode systems that extend 
within few feet the ground sur- 
face could considered exception 
this point, but such systems 
deep beds defined this article, and 
also such systems defeat one the 
main advantages the deep 

From propagation con- 
stants cables which apply directly 
pick-up and conducting cathodic cur- 
rents, can shown that current 
varies expotentially. Therefore, the 
drain point approached, shown Fig- 
ure the pipe potential ground in- 
creases greatly, causing 
nearest the drain point pick-up un- 
necessary current, This aggravated 
lessened earth potentials this point 
created the ground bed. 

example deep ground bed in- 
stallation which improves efficiency 
current use shown Figure The 
ground bed shown installed 
below sand strata high resistance, 
causing the current spread over 
wide area before finding its way back 
the structure surface. This easily 
contrasted with the surface bed installa- 
tion shown Figure which the 
current forced the surface soils 
where causes high earth potentials 
relative the protected structure and 
thus increases interference hazards. 


100 ft. separation from 
ground bed line 


(lew 


Figure 5—Diagram surface bed installation which current forced surface soils 
where causes high earth potentials relative protected structure, thus increasing interference 
hazards. 


Ground bed placement significant 
structure, good design drain from 
the larger part the structure, 
good design drain from the larger 
part the structure where the lower 
resistance will contribute less back volt- 
age current flow. 

Another design factor attempt 
geometric center location for the 
structure drained. With deep well 
beds, location can chosen basis 
engineering facts and need not 
dictated low resistance soil. 


Cost Savings Possible 

Cost deep ground usually 
will exceed that surface bed for the 
same amount current drain. The cost 

savings are made time, purchase 
right-of- -way, drain wire, fewer beds re- 
quired and deep well beds. 

For given geographical area once 
the strata have been determined, con- 
siderable engineering time can saved 
because soil surveys are not needed 
find the best ground bed location. 

The deep ground bed often located 
directly beneath the pipe drained, 
thus saving expensive drain wire and 
eliminating the need for expensive right- 
of-way. This latter point can im- 
portant cost saving towns where real 
estate expensive not available. 

Increased current efficiency the 
deep beds results lower drains and 
fewer beds required with consequently 
reduced power cost. 

Deep well ground beds completely 
installed cost from $1300 up, depending 
current drainage, soil conditions and 
installation method used. 

One the main factors contributing 
cost savings the flexibility these 
deep well beds. They can located 
the geometric center the area 
drained. When used distribution 
systems, these beds can 
the larger feed lines reduce the back 
voltage created the lines cathodic 
currents. This results lower drain 
point potentials and gives savings 
current. 


Conclusions 
Deep ground beds have certain ad- 
vantages over surface beds installed 
properly. These advantages offset 
the additional installation cost. Several 
factors determine whether not deep 
bed system should used. 


Final determination ground bed de- 
sign the responsibility the cathodic 
protection engineer. Deep ground beds 
are not the best answer all situations. 
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DISCUSSION 


Question Richard Hall, Union 
Oil Company, Brea, California: 

What the recommended size coke 

breeze backfill poured place? 


Various sizes coke breeze backfill 
can used for this purpose. have 
used flake ground graphite and coke 
breeze from 54-inch mesh. has 
been found that under some conditions 
coke breeze will tend float. This con- 
dition can eleviated mixing 
small quantity detergent with the 
coke breeze lower the water surface 
The trend use from 
space for elimination gas from around 
the anodes. 
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RESEARCH EFFORT: improving Plasti- 
cap coatings and application methods. 


RESULTS: series successfully completed research 


projects and expanded research program. Here are 
some these results: 


Additional new research facilities and personnel 
have been added recently augment the continuous 
research program conducted for years Plastic 
Applicators and independent research organizations 
under contract Plastic Applicators. Man hours 
and dollars devoted research have been con- 
stantly increased. 


New coatings developed through this research 
program have been introduced regularly. Most re- 
cent new coating released from the laboratories 
Plasticap HTP, which was developed provide 
lasting resistance acids and caustics, even 


temperatures above 350°F. 

Air dehydrators have been installed all Plastic 
Applicators plants because research has shown that 
removing all water, oil, and other impurities from 
air used the application Plasticap coatings 
improves adhesion and resistance qualities the 
coatings. 


PROTECT YOURSELF AND YOUR PIPE. SPECIFY PLASTICAP. MORE 
TUBULAR GOODS ARE PROTECTED WITH PLASTICAP 
THAN ANY OTHER COATING. 


REGO. TM. 


j \ Main Office: 7020 Katy Road, P. O. Box 7631, Hous- 
ton, Tex., 9-3611. Plants: Harvey and Morgan 


j City, La. Houston and Odessa, Tex. 
ag : j f { Sales Offices: Midland, Dallas, and Corpus Christi, 
if f [ Tex. Hobbs, N.M. Tulsa, Okla. Houma, Lafayette, 
j Ai | i New Orleans, and Shreveport, La. Jackson, Miss. 
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MAINTENANCE 
PROTECTION 


CS-1161 System Uses 
Carbo Zinc 11* Inorganic Zinc Primer 


this 3-coat system, each coat has 
special properties, each designed 
specific job. Proven serv- 
ice, they team together produce 
2-3 times longer-lasting protection 
than vinyls with conventional 
primers. 


Coat No. 
CARBO ZINC 


inorganic zinc performing 
double function—a primer and 
tough protective coat itself. Pro- 
tects galvanically, bonds tightly -to 
steel, eliminates undercutting. Can 
applied almost any kind 
weather. Water-insoluble min- 
utes, ready for intermediate coat 
4-6 hours. 


Coat No. 
RUSTBOND PRIMER 


corrosion-resistant tie inter- 
mediate coat. Bonds securely the 
inorganic zinc and provides com- 
patible surface for the topcoat. Only 
one hour drying time required. 


Coat No. 
POLYCLAD 933-1 


outstanding vinyl topcoat. Proven 
resistance weathering, and salt, 

acid caustic atmospheres. Avail- 
Upgrade your present maintenance 


protection—reduce your yearly able in any color. 
maintenance costs. Write for new 
page illustrated Bulletin 400, 
discuss the advantages of Carboline 
CS-1161 with your Carboline Sales 
Engineer. Evaluate this system now! 


*patent applied for 
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COATINGS 
WITH EXPERIENCE 


32-A Hanley Industrial Ct. St. 17, Mo. 
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New Low Friction 
Graphite Metals 
Self Lubricating 


new metallurgical process combines 
graphite with metal form low fric- 
tion, self-lubricating materials. Iron, 
nickel, copper, silver, cobalt and alloys 
these materials are combined ratios 
varying from percent graphite 
through the process developed Ford 
Motor Company, Dearborn, Mich. Dixon 
Sintaloy, Inc., Stamford, Conn., has 
the license produce the new materials. 

Applications foreseen for the new 
materials are self lubricating bearings, 
graphite metal brushes, electrical con- 
tacts, seals all types, resistance ele- 
ments and nuclear components. 

Graphite compositions produced 
the new process exhibit improved me- 
chanical and electrical properties, ac- 
cording Dixon. Also the brittle char- 
acteristic graphite greatly reduced 
some compositions and eliminated 
others. 

Initial evaluation indicates transverse 
rupture strength 50,000 psi and com- 
pressive strength 120,000 psi. The 
materials exhibit pressure value 200,- 
000 while that standard self lubricat- 
ing bronze about 25,000. Some com- 
positions graphite and steel are heat 
treatable conventional techniques. 

Dimensional change normally associ- 
ated with graphite during the sintering 
cycle reduced, reported. Little, 
any, machining will required 
final components, according present 
indications. The materials are said 
malleable enough sized produc- 
tion equipment high speed even where 
exceptionally close tolerances are re- 
quired. 

various grades limited quantities 
while field evaluation and test programs 
are conducted. 


Metal Containers Patched 


Transit Carrier 


Leaking metal containers, problem 
anywhere and more like plague the 
shipping industry, are repaired transit 
Arkansas-Best Freight, Inc., Fort 
Smith, Ark, 

When the contents faulty con- 
tainer cannot transferred another 
container, the motor freight carrier does 
on-the-spot patching with epoxy resin 
compound called Metalset A-4, made 
Smooth-On Manufacturing Company, 
570 Communipaw Ave., Jersey City, 

Many shippers prohibit the transfer 
their products from one container 
another because possible contamina- 
tion, even when there leak. such 
cases, repair job the only solution. 
But more important, when corrosive 
chemicals are involved, immediate re- 
pairs prevent spoilage other freight 
the shipment. 


res 
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POWERFUL ULTRASONIC CLEANER installed near Atlas ICBM assembly line 
San Diego, Cal., flashes high frequency sound waves through solutions tanks, clean- 
ing large fuel and liquid oxygen system parts for Atlas and Centaur missiles. 


Ultrasonic Baths 
Clean Critical 
Missile Parts 


powerful ultrasonic cleaner installed 
near the Atlas ICBM assembly line 
Convair scrubs and rinses large, critical 
fuel and liquid oxygen system parts for 
Atlas and Centaur missiles. Absolute 
cleanliness necessity. explosion 
missile failure occurs 
slightest contaminant exposed 
liquid oxygen. 

The unit has also cut cleaning time 
half, according Convair (Astro- 
nautics) Division General Dynamics 
Corporation, San Diego, Cal. 

The newly developed, fully transist- 
orized generator delivers 25,000 watts 
two 500-gallon transducerized tanks, 
one for cleaning and one for rinsing, 
that are alternately activated the 
generator. Upon activation, high fre- 
quency sound waves flash through the 
scrubbing rinsing solutions the 
tanks, setting powerful cleaning 
action known cavitation. 

The generator operates frequency 
kilocycles. provides simplicity 
operation through automatic tuning 
and assures maximum cleaning power 
constant rate, according the 
manufacturer, Acoustica Associates Inc., 
10400 Aviation Boulevard, Los Angeles 
45, Cal. Acoustica says generator 
percent reduction size over con- 
ventional generators and, utilizing 
semi-conductor, eliminates tuning ad- 


justments and meter readings. The unit 
designed react instantly, auto- 
matically compensating for changes 
both load and liquid levels. 

The system also contains recircu- 
lator which completely pumps, filters 
and heats liquids either tank before 
re-enters its return cycle. Replace- 
able filter cartridges are used the 
recirculator, which allows filter sizes 
from microns and provides 
automatic indication when filters need 
replacing. 

the accompanying photograph, 
automatic recirculator the left, 
two 500-gallon tanks are the center, 
and transistorized generator the 
right. 


U.S. Directing Research 
Nuclear Rocket Engine 


The Space Nuclear Propulsion Office 
directing the development nuclear 
rocket engine. The engine’s reactor will 
follow-on prototypes under de- 
Laboratory. 

June SNPO announced its inten- 
tion negotiate six- -month, first-phase 
contract for the engine’s development 
with the industrial team Aerojet 
General Corporation and Westinghouse 
Electric Corporation. 
contract will call for the design the 
engine, performance work responsive 
the needs Los Alamos conduc- 
ting reactor tests, preparation de- 
velopmental plan and schedule costs 
and work required meet feasible 
flight schedule date. 
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POLYKEN PROTECTION METHOD PROVEN PERFORMANCE 


Seadrift coating job rated tops over 


the years...so company comes 
back for more...and more 


1957—ANOTHER SEADRIFT INSTALLATION, miles pipe 
1960—STILL ANOTHER SEADRIFT INSTALLATION, more than 300 miles and pipe 
1960—ANOTHER MAJOR PRODUCTS PIPELINE INSTALLATION, pipe 


Proof dependable performance ... most 
graphic endorsement Polyken. 1954, 
Seadrift Pipeline Co. test-installed gas pipeline 
from Bee County Seadrift, Texas, wrapped 
with Polyken #900 Black. Very satisfactory 
cathodic protection requirements the line 
made Polyken tape the choice again job 
from Live Oak County Seadrift 1957. 
1960, bell hole examination the 
original job showed Polyken tape still top- 
rated condition after years. pipe rust 
corrosion. time-wear deterioration 


tape. So, fully convinced Seadrift officials put 
Polyken protection work their 1960 proj- 
ects. And engineers from another major pipeline 
company, equally impressed, ordered this proven 


Bell hole examination convinces second firm, too, 
make important use Polyken protection! 


performance coating for important part 
their new products line Iowa. 

This kind performance adds the growing 
list Polyken tape users some America’s 
most exacting firms. Get full details Polyken 
performance and economy from your Polyken 
representative, write Polyken Sales Division, 
309 West Jackson Blvd., Chicago 


Poluken 


EXPERIENCED PROTECTIVE COATINGS 


THE KENDALL company 
Polyken Sales Division 


Atl 
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| 
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q 
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POLYKEN 
PROTECTIVE 
COATINGS 
DISTRIBUTORS 


Atlanta, Georgia 
steele Associates, Inc. 


Billings, Montana 
Western Corrosion Service 


Chicago, 
Sales Engineering, Inc. 


Cicero, 
Pipe Supply Co. 


Cincinnati, Ohio 
Hare Equipment 


Cleveland, Ohio 
The Harco Corp. 


Denver, Colorado 
Patterson Supply Co. 


Houston, Texas 
Cathodic Protection Service 


Jackson, Michigan 
Utility Industrial Supply Co. 


Kansas City, Missouri 
Hodes Co. 


Long Beach, California 
Barnes Delaney 


Memphis, Tennessee 
General Pipe Supply Co. 


Minneapolis, Minnesota 
Simcoe Equipment Co. 


New Orleans, Louisiana 


Philadelphia, 
Harold Davis Co. 


Plainfield, New Jersey 
Stuart Steel Protection Corp. 


San Francisco, California 
Incandescent Supply Co. Calif. 


Spokane, Washington 
Jan-Tan Corp. 


St. Louis, Missouri 
Corrosion Products, Inc. 


Tulsa, Oklahoma 
Midwestern Pipe Line Products Co. 


Experienced modern 
PROTECTIVE COATINGS 
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ASTM Papers Include 
Pertinent Data 
Corrosion 


Papers and symposia most pertinent 
corrosion control presented the 
64th annual meeting the American 
Society for Testing Materials At- 
lantic City, J., June 25-30, 1961, are 
given below. Stressed the meeting 
were effects naturally occurring space 
radiation materials, radiation effects 
refractory fuel components, irradia- 
tion test methods and nuclear standardi- 
zation activities. 


Symposium Effects Minor Con- 
stituents Properties Pure Mate- 
rials 


Impurity Effects High Purity 
Metals, Wyman and Moore, 
National Bureau Standards. 

Effect Impurities Properties 
Ceramic Materials, Cutler, Univer- 
sity Utah. 

Major Effects Minor Constituents 
—Role Organic Material Structures, 
Co., Inc. 

Effects Small Amounts Extra- 
neous Materials Properties Petro- 
leum, Petroleum Products and Related 
Mines. 

Application Epoxy Healants for 
Repairing Structural Cracks -Con- 
crete Members, Wakeman, Port 
Los Angeles. 


Symposium Evaluation Metallic 
Materials Design for Low Tempera- 
ture Service 

Effect Small Cracks Load 
Carrying Ability High Strength Steel, 
Manning, Battelle Memorial In- 
stitute. 


Symposium Extension Sensitivity 
for Determining Various Constituents 
Metals 

Use Electron Probe Measure 
Low Average But High Local Concen- 
trations, Birks and Seebold, 
Naval Research Laboratory. 

Relationship Between Standard Quali- 
fication Tests for Stainless Steel and 
Corrosion Behavior Nickel Base 


Alloy, Hopkinson and Cop- 
The International Nickel Company, 
ne. 

Specimen for Use Investigating 
Stress Corrosion Cracking Austenitic 
Logan, National Bureau Standards. 


Symposium Erosion and Cavitation 
Mechanism Deformation Solids 
Impact Liquids High Speeds, 
Brunton, University Cambridge. 
Erosion Liquid Impact, De- 
Corso and Kothmann, Westing- 
house Electric Corporation. 

Accelerated Cavitation Erosion and 
Sand Erosion, Leith and 
Dominion Engineering 
Works, Ltd. 

Cavitation Hydraulic Turbines, 
Rheingans, Allis-Chalmers Manufac- 
turing Company. 

Significance Tests for Sulfate Re- 
sistance, William Lerch, Portland Ce- 
ment Company. 


Symposium Impurities Steam 
Stoichiometry 
Over Sodium Chloride From High 
Pressure Boiler Water, Rubright, 
The Babcock Wilcox Company. 
Impurities Steam From High Pres- 
sure Boilers, Ulmer and 
Klein, Combustion Engineering, Inc. 


Brazilian Oil Seminar 
Discusses Corrosion 


Some the topics for discussion dur- 
ing seminar May June sponsored 
the Brazilian Petroleum Institute 
reported the institute’s Bulletin for 
the third and fourth quarters are: 


Materials for Protecting Underground 

Pipelines Against Corrosion Vittore 
Ricci. 
Study the Corrosion Heat 
Exchangers the Landulpho Alves Re- 
finery Pedro Cunha Carvalho 
Mauricio Latge. 

Erosion Petroleum Refineries 
Albert Francis Hollowell. 

Corrosion Storage Tanks 
bary Eckmann Peniche. 

Corrosion Heat Exchangers 
Paulo Doris Oliveira. 

Erosion TCC Reformer Hans 
Westphalen. 

Preventing Corrosion with Neoprene 
and Hypalon Aloysio Manso Silva. 


RECEPTION FOR SPELLER Tokyo’s Press Club was held May the Cor- 
rosion Committee the Japan Society for Promotion Science. From left right are 
Michio Tanaka, Koshiro Ishimura, Tadayoshi Fujiwata, Speller and Yoichi Yamamoto. 
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Tube-Kote Expand 
Plant Midland, Texas 


$250,000 expansion program dou- 
ble capacity its plant Midland, 
Texas, has been announced Tube- 
Kote, Inc., Box 808, Houston, Texas. 
Completion date October, 1961. Tube- 
Kote, Inc., which specializes applying 
thermosetting plastic linings oil field 
tubular goods, also has plants Hous- 
ton, Harvey, La., and Edmonton, 
berta, Canada. 


POSITIONS WANTED 


AND AVAILABLE 


Active and Junior NACE members and com- 
panies seeking salaried employees may run 
two consecutive advertisements annually 
without charge under this heading, not over 
35 words set in 8 point type. Advertisements 
to other specifications will be charged for 
$12.50 column inch. 


Positions Wanted 


Corrosion Engineer—M.S.Ch.E. Process design, 
heat transfer experience. Five years’ research 
and development work corrosion inhibitors, 
test equipment, refinery corrosion control, chemi- 
cal suppliers’ contacts. Married. Prefer East Coast 
area. CORROSION, Box 61-17. 


Sales Manager, graduate chemist and chemical 
engineer. years’ experience technical sales, 
production, research and development and ma- 
terial testing coatings, sealants, reinforced 
plastics, sheet linings. Prefer East. Desire position 
with raw material supplier. CORROSION, Box 
61-16. 


Positions Available 


WANTED: Manager capable handling $250,- 
000.00 and contract-applicator business. 
Excellent Great Lakes heavy industry. Facilities 
and years proven customer record. Will con- 
sider option sell part interest qualified 
person. CORROSION, Box 61-14. 


CORROSION 
CHEMIST 


Immediate career opportunity for an experienced 
corrosion chemist to take charge of a laboratory 
investigating corrosion problems in the fields of or- 
ganic and inorganic chemistry. Position involves 
forward corrosion research, laboratory corrosion 
studies and supervision of one or two persons. 


MS. or Ph.D. degree in chemistry or engineering 
and three years or more experience required. 


Modern research facilities located near Finger 
Lakes and Adirondack recreational areas of New 
York State. Liberal employee benefits. 


Please send detailed resume, including salary re- 
quirements, in confidence to 


Personnel Supervisor 

SOLVAY PROCESS DIVISION 
Allied Chemical Corporation 
Syracuse 1, New York 
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PERFORATED STAINLESS WATER FIL- 
TERS insure higher resistance soil cor- 
rosion and more water flow than tra- 
ditional carbon steel filters, according 
Ohio Drilling Company. Above, welder 
joins two sections stainless filter being 
installed water well Canton, Ohio. 


Stainless Filters 


Increase Longevity 
Water Wells 


Stainless steel filters for water wells 
were introduced six years ago the 
Ohio Drilling Company, Canton, Ohio, 
after traditional carbon steel filters 
some extremely corrosive soils had 
broken down less than two years. The 
first stainless filters still serve, the drilling 
company reports. 


Not only are the stainless filters more 
resistant soil corrosion but their struc- 
tural strength permit more filter holes 
and larger holes than were possible with 
carbon steel filters, thereby increasing 
pumping efficiency and decreasing pump- 
ing costs. Also, whereas the carbon steel 
filters are thick, the stainless 
filters are thick. 


Stainless filters cost about ten times 
more than carbon steel filters. However, 
the inevitable and rapid breakdown 
carbon steel plus the lower operating 
efficiency the carbon steel filters must 
remembered, the drilling company: 
points out. When carbon steel filter 
fails and cannot pulled with crumbling 
and blocking the well, the only course 
abandon the well and drill new 
one, usually feet away. Abandon- 
ment often entails more than just hole 
drilling and pipe costs invested well: 
many well owners have buildings and 
machinery over the wells and these too 
must relocated. 


Six new municipal water wells Can- 
ton, Ohio, have stainless filters. these 
150-foot wells outer casing encloses 
the stainless filter the first feet; there 
jacket silica gravel between the 
filter and outer casing. Below the 70-foot 
mark the bottom, the filter runs with- 


Vol. 


out casing, cushioned with jacket 
silica gravel between the filter and sur- 
rounding well barrel. 

The drilling company custom makes 
the filters from flat stainless, Type 304, 
purchased from Republic Steel’s Alloy 
Steel Division nearby Masillon. 


NEWS 


Digest State Air Pollution Laws. 
1960 Edition. Compiled Samuel 
Rogers and Sidney Edelman. 126 
pages, 10% inches, paper. 1960. 
Superintendent Documents, 
Govt., Printing Office, Washington 25, 
D.C. Per copy, 75¢. 


digest the state laws enacted dur- 
ing 1960, bringing date and sup- 
plementing the edition with the same 
content issued for Listed are laws 
for political subdivisions, including 
U.S. states and territories and other 
possessions. 


Advances X-Ray Analysis. Vol. 
Mueller, editor. 576 pages, 
534 inches, cloth. 1961. Plenum 
Press, Inc., 227 West 17th New 
York N.Y. Per copy, $15. 


Texts reports given the Ninth 
Annual Conference Application 
X-ray Analysis August 10-12, 1960 
sponsored University Denver and 
Denver Research Institute. 

Persons concerned with this means 
analysis will want own this book 
which covers wide variety topics 
the field. Illustrated, author and sub- 
ject indexes. 

Other volumes the series also are 
available: Vol. domestic $8.50; foreign 
$10; Vol. domestic $8.50; foreign $10; 
Vol. domestic and foreign $12. 


Contributions the Development 
Chemical Apparatus. Herbert Bret- 
schneider and Kurt Fischbeck, editors. 
Dechema Monograph 579-599. (In Ger- 
man) 404 pages, 534 inches, 
paper. 1960. Verlag Chemie GmbH 
Weinheim/Bergstrasse, Germany. 
Price: Dechema members, 28; 
non-members, 35. 


Twenty-one reports, including which 
were presented the 1959 Dechema 
meeting are included. The articles in- 
clude 210 illustrations and tables 
data. Abstracts English and French 
are appended. There subject index. 
Subject matter includes weighing 
the milligram range and its application 
dust; observation change phase 
X-ray diffraction, very high vacua, 
properties the Maser, determining 
viscosities gases and liquids high 
pressures and temperatures, reactions 
surface layers, physics adhesion, phos- 
phatizing baths, catalysis with liquid 
metals, data the fluidized bed tech- 
nique, fuel elements, and prob- 
lems teaching chemical technology. 


Marinas. Charles Chaney. 247 
Boat Manufacturers, Inc., 420 Lexing- 
ton Ave., New York 17, N.Y. Availa- 
bility not indicated. 

very carefully designed and printed 

book for the information those con- 


(Continued Page 40) 
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Protecting 
Your investment 


Hot-dip Galvanizing gives you 
dividends protection 


Nowery Smith Co. hot-dip galvanizing 
gives you sure long-term metal protection. Hot- 
dip galvanizing affords the advantages com- 
plete and uniform zinc coating complex 
shapes, inside surfaces and other hard-to-reach 
areas. Nowery Smith Co. has the largest 
hot-dip galvanizing facilities the Southwest. 
Items 63-foot structural beams can 


Smith Co. corrosion pro- 
can give your expen- 


sive equipment 


hot-dip zinc galvanized the Company’s 
Houston plant. 

Nowery Smith Co. also offers sand 
and shot blasting, metallizing, prime coat- 
ing and painting, pickling, oiling, polyvinyl 
chloride PLASTISOL coating and other spe- 
cial protective coatings. are exclusive 
the Southwest for application Goodyear 
Rubber Company’s PLIOWELD Linings. 


UNderwood 9-1425 


service 8000 HEMPSTEAD HIGHWAY 


HOUSTON TEXAS 


hic 
ench 
hase 
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Top guns 
your 
anti-corrosion 
arsenal 


When you’re waging your battle 
against corrosion, will pay you 
have DeVilbiss spray guns for full 
covering coatings that provide greater 
protection any re- 
cessed, irregular angular. Appli- 
cation far faster than any contact 


application method. 


STANDARD Spray GUNS 
(a.) handle practically any pourable 
protective finish. May used with 
portable hot-spray outfit that puts 
fuller covering films with minimum 
overspray. CATALYsT GUN with 
hot-spray outfit sprays urethane 
foams, other inert plural-component 
protective materials. AIRLESS SPRAY 
GuN (c.) used conjunction with 
portable outfit, produces large spray 
pattern for ultra-fast coverage 


broad areas. For full details our 


complete line spray equipment, 


write: The DeVilbiss Company, 
Toledo Ohio. 


"BOOK 


(Continued From Page 38) 


sidering the construction presently 
operating marina. All aspects the 
operation are considered, but the mat- 
ters principal interest materials 
engineers are included chapters 
headed: Materials Construction, Gen- 
eral; Lumber and Wood Piles, Con- 
crete, Structural Steel, Miscellaneous 
Materials and Maintenance. 

Those sections concerned with metals 
deterioriation discuss the theory cursorily 
terms. For anyone in the marine busi- 
ness this book should prove invaluable. 
not adequate. view the extremely 
corrosive environment which marinas 
are located and the economic problem 
involved, more extensive treatment 
corrosion prevention would seem 
indicated. 


Bibliography Articles Filtration 
(and related subjects). pages, 
inches, paper. Snow Filtration Co., 129 
West Fourth St., Cincinnati Ohio. 
Free. 

References articles appearing 
publications articles filtration, fil- 
ter media, dust collecting, air condition- 
ing, air pollution, seiving, sifting and 
straining. brief abstract given 
each article. 


Manual Industrial Water and Indus- 
trial Waste Water. Second Edition. 
653 pages, inches, cloth. Jan- 
uary, 1960. American 
Testing Materials, 1916 Race 
Philadelphia Pa. Per copy, 11. 

Prepared ASTM Committee D-19 

Industrial Water. 

Part consists chapters uses, 
effects impurities, self-purification 
streams, composition 
treatment, sampling and flow measure- 
ments, analysis, sampling 
cation deposits, analysis deposits 
and radioactive nucleides water. 

Part lists ASTM standards In- 
dustrial water and industrial waste 
water, including definitions, sampling 
methods, analytical methods, corrosivity 
tests, methods reporting, precision 
methods and classification. 

The standards corrosivity tests in- 
clude, substitute ocean water, the Na- 
tional District Heating Association 
method testing corrosivity, the U.S 
Bureau Mines embrittlement test and 
exchangers. 

Appendices include reference tables 
and curves, glossary and alphabeti- 
cal subject index. 


Symposium Technical Developments 
the Handling and Utilization 
Water and Industrial Waste Water. 
December, 1960. American Society for 
Testing Materials, 1916 Race St., 
Philadelphia Pa. Per copy, $3. 

Proceedings the spon- 

sored ASTM Committee D-19 

Industrial Water held October 15, 1959. 

The introduction cites the intentions 

the committee sharpening interest 

treatment waste water that the 
problems the future supply water 
can met more efficiently and easily. 

Examples the types problems are 


Vol. 


implicit the titles papers: Disposal 
Industrial Radioactive Waste Waters 
Hanford, 


Determination Radioactive Mate- 
rials Water, Utilization Cooling 
Towers Conservation and Pollution 
Control, Improvements Water Treat- 
ment for Once-Through Reactor Cool- 
ing, Disposal Oilfield Brines the 
Central Valley California. 


Effect Industrial Wastes Water 
for Irrigation Use, Operation Batch- 
Type and Continuous Electric Membrane 
Demineralizers and Solar Distillation 
Saline Water with Particular Regard 
Materials Problems. 


Relevant discussions are included. 


Rare Metals Handbook. Second Edition. 
Clifford Hampel, editor. 1961. 715 
pages, 734 inches, cloth. Rein- 
hold Publishing Corp., 430 Park Ave., 
New York 22, N.Y. Per copy $20. 


The author points out the introduc- 
tion reasons for the rapidly accumulat- 
ing mass data the rare metals. 
Metals are rare when their volume 
the earth’s crust small when their 
concentration limited. Some are rare 
because difficult separate them 
from their natural environment. in- 
teresting suggestion formulated that 
metal the oceans may more acces- 
sible than the earth’s crust, and that 
the attractiveness mining the oceans 
increases the available supplies 
highly concentrated ore deminish. 
that organisms which 
tend accumulate certain metals are 
worth considering. 


chapter devoted each the 
metals except the alkaline earth metals 
(calcium, barium and strontium) which 
are covered one chapter. Each the 
chapters has its own editor. 


Some idea the thoroughness the 
research involved the production 
this book may derived from the fact 
that the case hafnium, one the 

rare earths, 130 references are 
affixed the chapter. Every chapter 
similarly: referenced. 

the alphabetical subject index, cor- 
rosion resistance listed for metals 
from beryllium through zirconium. 

Physical properties are summarized 
the final chapter. 


REFLECTIVE stainless steel insulation 
primarily serves thermal barrier 
hot pipes. Design incorporates outer 
case and inner reflective sheets form 
isolated air spaces between sheets. Mar- 
demand industrial and power plants 
for service temperatures ranging from 
—100 plus 1200 according 
manufacturer, Mirror Insulation Com- 
pany, Inc., 201 Main Street, Lambert- 
ville, 
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STAINLESS STEEL BOILERS, HEAT EXCHANGERS, ATOMIC INSTALLATIONS, CHEMICAL 
PROCESSING EQUIPMENT CLEANED SAFELY, EFFICIENTLY WITH PFIZER CITRIC ACID 


Industry experience proves that 
citric acid eliminates chloride stress 
corrosion problems provides ef- 
fective descaling permits easier, 
more efficient after-rinsing. 
Discuss with your chemical 
cleaning service company these ad- 
vantages Pfizer Citric Acid 
stainless steel cleaning solutions: 
Citric acid highly efficient 
removing imbedded metal 
and oxide films from stainless steel. 


Citric acid’s excellent seques- 
tering ability prevents repre- 
cipitation dissolved scale. 


Citric acid cleaning eliminates 
the problem stress 


corrosion. 


Citric acid can effectively 
inhibited without losing its 


cleaning sequestering ability. 


Citric acid sold dry, 


100% acid meaning savings 


storage and handling. 


Citric acid water soluble, 
easy handle, and non-toxic. 


Let send you further information, 
cost and obligation-free! 


want learn more about the use 
Pfizer Citric Acid for cleaning 
stainless steel equipment. Please 
send Technical Bulletin 102. 


Name 


Company 


State. 
for Over Century Pfizer. 


CHAS. PFIZER CO., INC., CHEMICAL SALES DIV., 630 FLUSHING AVE., BROOKLYN 
Branch Offices: Clifton, J.; Chicago, San Francisco, Calif.; Vernon, Calif.; Atlanta, Ga.; Dallas, Tex., Montreal, Canada 


SAFE 
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Australian Group 
Meet Nov. Sydney 


The Australasian Corrosion Associ- 
ation will hold its Annual Federal Con- 
ference Sydney November 6-10, 1961. 
Twenty-two papers have 
uled; these will printed prior the 
conference Australian Corrosion En- 


gineering, the official publication for 
the 
Five main technical sessions are 


scheduled under the following general 
headings: Specifications Corrosion 
Marine Corrosion, 
New Developments Non-Ferrous 
Metals for Corrosion Resistance, Oxi- 
dation and High Temperature Corro- 
sion and Electroplating. 


Corrosion, Page 37, the Australasian Cor- 
rosion was formerly named 


CATHODIC PROTECTION 


Installation 


SURVEYS 


DESIGN 


ENGINEERING CORP. 


P.O. Box 1169 * FAirfax 3-6858 * Houston 1, Texas 


cathodic protection service 


Twenty-five cathodic protec- 
tion engineers with a combined 
total over 200 years experi- 
ence available to serve you 
with ABILITY and INTEGRITY. 


Houston Box 66387 


Branch Offices: Corpus Christi New 
Orleans Odessa Tulsa Pittsburgh 
@ Los Angeles 
CATHODIC 
SURVEYS DESIGNS 
INSTALLATIONS 
CORROSION RECTIFYING CO., 
5310 ASHBROOK + MO 7-6659 
HOUSTON 36, TEXAS 


CORROSION offers 
SERVICE 


LIMITED ANADA 


A Complete Service in Corrosion Engineering 
Design and installation of cathodic protection 
systems. Supervision. Resistivity and electrolysis 
surveys. Selection and application of protective 
coatings. 


i7 DUNDONALD ST., TORONTO 5 


Electro Rust-Proofing Corp. 
Engineering Division 
Corrosion Surveys 
Cathodic Protection Design 
Specifications 
Electrolysis Control 
Testing 


BELLEVILLE NEW JERSEY 
Atlanta Chicago Dallas Monrovia 


CORROSION 


the Australian Association for Corrosion 
Prevention. When A.A.C.P. and the New 
Zealand Corrosion Association joined 
forces, the new name was instituted 
indicate the extended territory the as- 
sociation and also shorten the name. 


Melbourne School Holds 


Basic Corrosion Lectures 


Australia, the Metallurgy Depart- 
ment the Royal Melbourne Institute 
Technology conducting course 14, 
one-hour lectures Corrosion Theory and 
Prevention for scientific and architectural 
personnel untrained corrosion. 


Started June the course covers Basic 
Mechanism Corrosion, Methods Pre- 
vention, Stress Corrosion, Stainless Steels, 
Heat Resisting Alloys and Materials 
Construction Chemical Plants. One lec- 
ture held each Friday. 


CATHODIC PROTECTION 
ENGINEERING 
SURVEYS CONSTRUCTION 


Systems for conventional and 
specialized applications 


THE HARCO CORPORATION 


4592 East St. 3-8787 
Cleveland 25, Ohio 


THE HINCHMAN CORPORATION 


Consulting Engineers 
“WORLD-WIDE ACTIVITIES” 
Survey Design Supervision 

Specializing In 
CORROSION CONTROL 
Francis Palms Bldg. Detroit, Mich. 


Interprovincial 


Limited 


325 Third St. S.E. P. 0. Box 310 
CONSULTING ENGINEERS 
Survey Design — Materials and Equipment— 
Installations 


“PUTTING PERMANENCE 


For Over Years 
MAYES BROTHERS, INC. 


1150 McCarty Phone: OR 2-7566 
HOUSTON, TEXAS 


FRANCIS RINGER ASSOCIATES 


Consulting 
Corrosion 
Engineers 

Hampden Ave. MOhawk 4-2863 
NARBERTH Phila.) 
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50,000 Insulation 


Fifty thousand pounds stainless 
steel will insulate the Atomic Energy 
Commission’s experimental gas cooled 
reactor under construction Oak 
Ridge, Tenn. 

Fastened inside reactor pressure 
vessel housing nuclear fuel, insulation 


will protect housing from atomic heat. 
sandwich design specified for the 


insulation: thin sheets corrugated 
stainless are sandwiched between layers 
non-corrugated stainless sheets. 

The $40 million reactor will produce 
about 22,300 net electrical kilowatts 
when completed late 1962. Solar Air- 
craft San Diego, Cal., has been 
awarded the $387,616 insulation sub- 
contract construction contractor, 
Ferguson Company, 11th and Walnut, 
Cleveland 14, Ohio. 


A.V. SMITH 


Engineers 


SUPERVISION 


ESSEX BLOG. 
NARBERTH, PA. 


SOUTH FLORIDA TEST SERVICE 
INCORPORATED 
Engineers 


Consultants and specialists corrosion, 
weathering and sunlight testing. 


4301 N.W. 7th St, Miami 44, Florida 


TEELE 


Corrosion Surveys « Cathodic Protection 
Design And Installation 

1405 Dutch Valley Place, N. E. Phone 876-8403 

ATLANTA, GEORGIA 


You can advertise your engi- 
neering services this 
rectory for about $1.50 
thousand readers. This 
far the best, least expensive 
and most convenient way 
keep your name before the 
more than 8000 paid read- 
ers CORROSION. Write 
for rates, 1061 
Houston Texas. 
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CORROSION CONTROL STUDIES 
UNDERGROUND PIPING OSSIGN 
EVALUATION AND CONSTRUCTION 
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withstand these extreme corrosive and 
wear conditions leading automotive producer 
manufactures their muffler from double-thick lami- 
nated shell with four zinc-coated surfaces. Key baffles 
and rear pipe are also zinc-coated. 

This another example the protective 
qualities zinc galvanizing. Even the corrosion- 


defying zinc skin broken impact abrasion, the 


ST. JOSEPH LEAD COMPANY 


NEW YORK 17, 


250 PARK AVENUE 
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steel continues protected zinc’s galvanic 
action. The zinc sacrifices itself slowly while saving 
the base metal from rust. 

other metal combination metals can 
give this assurance long life, comparable cost. 
Only zinc-coated steel has this combination strength, 


formability, corrosion-resistance and economy. 


ZINC FOR THE JOB 


St. Joe was the pioneer the production 
“tailor-made” zinc electronically-matched the re- 
quirements the continuous galvanizing lines and 
today the largest supplier this metal the steel 


industry. 


if 
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Stainless jacketing was selected be- 
cause its fire resistance, strength, 
corrosion resistance and 
temperature for safety personnel, ac- 
cording Union Carbide. 


that controlled elevated tempera- 
tures are maintained all times, the 
electrically heated tracer line encased 
and bonded the pipe highly 
conductive graphite cement which in- 
sures efficient heat transfer. The hump 
the pipe created the tracer line 
presented insulation shape problem 
until scooped out version the reg- 
ular circular pipe cavity was developed 
provide longitudinal scoop 
the bottom half the insulation for 
the tracer. 


Installation the insulation facili- 
tated the fact that both the calcium 
silicate and the stainless jacket are 
measured, cut and applied the same 
time. Marketed Metal-On, avail- 
able 36-inch lengths and can cut 
with portable power ordinary 
hand saw. snaps over the pipe and 
locking device seals longitudinal joints, 
locking out moisture. End joints are 
kept water tight metal snap bands 
coated with non-setting sealer. Manu- 
facturer Johns-Manville, East 40th 
Street, New York 16, 


NEW “CYCLOPS 
Full inch Meter Scale 


...another first for Good-All... 
pioneer and leader the field 
cathodic protection rectifiers. The 
“Cyclops” Meter now Standard 
The Good-All Line. 


Features 


Full inch easy reading scale 
reduces checking time and in- 
sures accuracy. 


Cyclops indicates both Amps 
and Volts only one meter 
needed. Replacement costs are 
cut half. 


Cyclops switching circuit sin- 
gle-switch operation provides 


lightning protection 
and accurate readings. 


Weston Meters optional 


ELECTRICALLY HEATED process pipes 
one Union Carbide Chemical Com- 
pany’s plants West Virginia are in- 
sulated and protected calcium 
silicate-stainless steel cylinders manu- 
factured Johns-Manville. 


Ultrasonic Cleaning Book 


Issued for users ultrasonic equip- 
ment, 14-page booklet entitled “Chem- 
icals for Ultrasonic Cleaning” gives 
physical properties most commonly 
used cleaning chemicals, suggested ap- 
plications, working temperatures and 
procedures. The booklet tabulates 
types cleaning media aqueous solu- 
tions and solvents, including similar data 
for other chemical cleaners. 
cluded are chart listing flash and igni- 


Stainless Wraps 
Insulate, Shield 


Process Pipes 


Calcium silicate, effective heat bar- 


slight additional charge. 


rier, jacketed stainless steel insulates 
electrically heated process pipes West 
Virginia plants Union Carbide Chem- 
icals Company, 270 Park Avenue, New 


tion points, explosive limits and toxicity 
more than 140 solvents and list 
other ultrasonic cleaning bulletins avail- 
able from Branson Instruments, Inc., 


Brown House Road, Stamford, Conn. 


Complete Line 


CUSTOM AIR for Deluxe Quality 
CUSTOM OIL for Extreme Environments 

GEMCO Budget Priced 

ADD-A-STACK for Adaptability 


Sec the Good-All Representative in your area. 


MOLTEN CERAMIC SPRAY 5000 blazes from gun that converts solid ceramic rods 
into flame coating protect space machines against extreme heat and other environ- 
mental factors encountered outer space and during re-entry. This gun one the 
advance tools being used the manufacturing research laboratory Republic Aviation 
Corporation, Conklin Street, Farmingdale, 
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Forced Cooling Suggested 
For Buried Power Cables 


Forced cooling power cables may 
solve the problem underground trans- 
mission electric power extra high 
voltages, according two French engi- 
neers who presented paper entitled 
“Some Considerations Concerning Extra- 
High Voltage A.C. Cable Power Trans- 
mission” the summer general meeting 
the American Institute Electrical 
Engineers Cornell University. 

Unless artificially cooled, buried cables 
cannot utilized for transmission 
very high voltage energy. Internal cool- 
ing feasible only short cable lines. 
While less efficient, external cooling may 
permit transmission about 1000 mva 
500 over distance km, the 
French engineers reported. 

The constant increase consumption 
electric power plus the necessity 
bringing high voltage energy into urban 
areas led the study transmitting 
more power single cable line. 
France energized its first 380 over- 
head lines 1958 and transmission 
700 now under investigation. 


New NBS Center Started 


Construction began June the 
National Bureau proposed 
$104 million research center Gaithers- 
burg, Md. The center needed meet 
increasing measurement requirements 
national defense and civilian technology, 
according Secretary Commerce 
Luther Hodges. 

far Congress has appropriated only 
$27 million for the new laboratories but 
plans call for continuing construction 
the new 555-acre site until all the labora- 
tories now located Northwest Wash- 
ington, C., can relocated between 
1963 and 1965. 

Going first the high priority 
Engineering Mechanics Laboratory. 
will house one million pound dead 
weight machine that will provide ur- 
gently needed force measurement stand- 
ards meet the multi-million pound 
thrust requirments the space race. 

Later, Radiation Physics Labora- 
tory, seven interconnecting general pur- 
pose laboratories, number special 
purpose laboratories and atomic re- 
actor will constructed part the 
20-building research complex. 


ACID RESISTANT non-woven Dacron 
felt pad for helicopter battery soaks 
spilled battery fluids, protecting alumi- 
num battery rack from acid attact. Now 
used helicopters made Hiller Air- 
craft Corporation, Palo Alto, Cal., the 
pad marketed Troyfelt Troy 
Blanket Mills, 200 Madison Avenue, 
New York 16, 
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KEEPS METAL 
SURFACES FREE 
FROM 


There’s job for Valvoline Tectyl 
your industry, protecting metal sur- 
faces against rust and corrosion during 


shipping and storage. 


Low-cost Tectyl rust preventives are 
widely used the military services 
and industry. 


easy-to-apply, easy-to-remove 
film provides complete protection from 
the effects snow, rain, perspiration, 
humidity, salt air, and corrosive fumes. 


There Tectyl product for every 
need, with more than variations 
three principal types: oil-type, solvent 
cut-back and hot dip. Brush on, spray 
immerse. suggest you write 
today for your copies two helpful, 
detailed Tectyl charts which give in- 
dustrial and government specifications 
and applications. 


: 
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Carbon Comp 
Nation 


Madri 


ATLANTIC 
OCEAN 


GRAPHITE ANODES OFFER LONG LIFE AND LOW 
COSTS PROTECTING 11,000,000 SQ. FT. 


“National” graphite anodes for cathodic protection are used 
around the world. 1958 four-hundred-sixty 3”x60” 
“National” graphite anodes* were installed protect the 
620 mile Spanish J.U.S.M.G. pipeline from Rota Zaragoza. 
The 12”, 10”, and diameter coated steel pipeline with 


“National” 


attendant service pipelines varying diameters, plus twenty- GRAPHITE 
six tank bottoms total approximately 11,000,000 square feet 
steel under cathodic protection. 


Because the wide variations soil resistivity along the 
pipeline, each anode and rectifier installation had 
individually engineered. Twenty-six rectifiers with outputs 
ranging from volts 200 volts DC, from amps 


100 amps were used. 

The graphite anodes were placed foot centers 12” 

diameter 120” deep holes surrounded well tamped coke 

breeze backfill. The number anodes each bed varied, 

depending upon the current discharged and the soil resistivity. 

The system designed operate for more than ten years. 


*Wayne Broyles Engineering Company supplied the equipment 
and installed the cathodic protection system. 


and Carbide” are NATIONAL CARBON COMPANY 
Division Union Carbide Corporation 270 Park Avenue, New York 17, New York 
CANADA: Union Carbide Canada Limited, Toronto 
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Cleaners 


industrial detergent formulated 
remove grease, oil, carbon stains, lead 
oxides, tar and printer’ ink marketed 
the Pentone Company, Tenafly, 

soak parts applied with brush, cloth 
spray. Pentone says cleaner 
high flash point, does not emit hazardous 
fumes and not volatile. 


Cleaning process for precision equip- 
ment remove embedded and electro- 
statically attached introduced 
during finishing operations described 
booklet available from The Elec- 
trolizing Company, Division Advance 
Industries, Inc., Chicago Heights, 
Electrolizing process after cleaning de- 
posits uniform high chromium alloy 
components resist foreign particles 
and provide low coefficient friction 
and resistance corrosion. Booklet also 
covers two-year investigation erratic 
performances and premature failures 
engineering metal wear parts and bear- 
ing surfaces from unsuspected micro- 
scopic, nonmetallic abrasive contaminants. 


Laboratory baths with magnetic 
stirring bar energized non-sparking 
induction motor below chamber are 
manufactured Labline, Inc., 3070 
Grand Avenue, Chicago 22, Designed 
for controlled temperature, stability, vis- 
cosity, incubation, aging and serological 
tests, the baths have temperature range 
slightly above ambient 100 Im- 
mersion type, low wattage heaters re- 
spond rapidly temperature variations. 
Constant water level device and drain 
cock are standard with these double 
wall construction 18-8 
baths. 


Coatings, Application 
Equipment 


Circular and rectangular dip tanks for 
application hot melt plastic coatings 
protect tools, gears and machined 
parts during processing, storage and 
shipping are marketed Fidelity 
Chemical Products Corporation, 470-474 
Frelinghuysen Avenue, Newark 12, 
Circular tanks are available capaci- 
ties pint gallons and rectangu- 
lar tanks 0.1 gallons. Adjustable 
thermostatic control standard. 


New powder feed mechanism for 
plasma and flame coating applications 
measures precise powder flow. Precision 
feed screw pressurized canister de- 
posits powder carburetor where car- 
rier gas jets powder surface being 
coated. Feeder handles 
micron size mesh. Variable feed 
rate ranges between 0.4 and 3.5 pounds 
per hour for typical aluminum oxide 
—325 mesh; heavy powders like tung- 
sten carbide feed higher rates. Special 
lead screws are available for feed ranges 
above below standard. Unit weighs 
150 pounds, operates single phase 
60-cycle current 115 volts. being 


used with both fuel fired torches and 
plasma jets for applying ceramic and 
refractory metal coatings missile, 
aircraft and engine parts, says manu- 
facturer, Sylvester Company, 17706 
Miles Avenue, Cleveland 28, Ohio. 


Coatings, Metallic 


High purity gold electroplate for 
transistors and other electronic com- 
ponents achieved with acid type 
formulation developed Sel-Rex Cor- 
poration, Nutley 10, Uniform gold 
deposits 99.99% purity desired 
practical thicknesses are claimed. With 
Knoop hardness 75, deposits can 
corkscrew twisted without fracturing, 
have fine grained cohesive structure 
with good machinability characteristics 
and high temperature durability, accord- 
ing developer. Called Temperex 
Process, system adaptable both 
still and barrel plating. 


Spot and workpiece electroplating 
without emersion tanks and without 
masking described booklet avail- 
able from developer, Sifco Meta-chemi- 
cal, Inc., 935 63rd Street, Cleveland 
Ohio. Method deposits controlled 
thicknesses metals directly onto con- 
ductive surfaces from concentrated elec- 
trolyte solutions held absorbent ma- 
terials attached portable electrodes. 


Coatings, Organic 


Cured and uncured Hypalon sheet 
tank linings and liquid Penton disper- 
sion coatings said very effective 
various chemical services tempera- 
tures 250 are available from manu- 
facturer and applicator, Gates Engineer- 
ing Company Wilmington, Del. Uncured 
Hypalon compound applied the 
shop the field where curing facili- 
ties are available; cured Hypalon sheet 
furnished with air curing adhesives. 


epoxy-phenolic coating used pri- 
marily tank lining for fuels and 
solvents described technical bul- 
letin available from producer, Wiscon- 
sin Protective Coating Corporation, 
Green Bay, Wisconsin. Physical speci- 
fications, zone usage, chemical re- 
sistance, application procedures are 
given. 


New sacrificial zinc coating with 
without topcoat protects metals against 
organic and inorganic solvents, fresh 
salt water and oil and greases, accord- 
ing producer, Stoneware Com- 
pany, Akron Ohio. Called Tyzin, 
coating consists metal zinc powder 
blended into modified lacquer base and 
more than percent solids weight. 
Single application said provide two 
three-mil self curing 
for USC’s Tygon vinyl topcoats 
epoxy topcoats. 

Excellent resistance abrasion and 
wide range chemicals claimed for 
new polyester isocyanade copolymer 
coating developed The Farboil Com- 


Literature 


pany, 801 Key Highway, Baltimore 30, 
Md. Recommended for hopper car in- 
teriors, coal and ore chutes, barge bot- 
toms, chutes handling bulk chemicals 
and cargo holds ships carrying dry 
chemicals, the coating, called Curamene, 
reportedly dries touch two hours, 
can recoated four hours and cures 
five days. Flash point over 100 
pot life least six hours and ratio 
base curing agent one one. 


Feeders 


cast bronze suction feeder 
designed add detergents washing 
systems also useful for adding algae- 
cides cooling tower waters and 
chemicals process streams, according 
bulletin available from manufacturer, 
Schutte and Koerting Company, Corn- 
wells Heights, Bucks County, Pa. The 
feeder, called Eductor, adds small 
amounts liquids proportionately 
flow water other fluids under 
pressure. 

New PVC constant rate gravity 
feeder designed handle PVC accepta- 
ble corrosive chemicals has head loss 
equalizer that insures correct 
gardless liquid level drum. This 
model also has reproducible control 
knob and insertable metering orifice 
drilled user’s indicated volume-viscos- 

(Continued Page 48) 


PIPE-WRAP 
TAPE 


Easy Pipe 
Protection 


SEND FOR 
FREE 


SAMPLE 


Joint 
wrapping 
mill coated pipe 
easy, fast and sure 
with Arno Pipe-Wrap Tape. 
Its inert polyethylene backing 
moisture proof, non-conductive and 
resistant soil acids and alkalis. Tough 
and stretchy. High-tack adhesive. Write 
for information and free test sample. 
ARNO ADHESIVE TAPES, INC. 


Dr. Scholl’s Adhesive Tape Division 
5107 Ohio Street, Michigan City, Indiana 


FOR SOME 


PRODUCTS 
(Continued From Page 47) 


ity requirements range from drops 
per minute gallons per hour. Called 
Model PVC-2, addition Add- 
A-Kem System Kem-Feed Division 
Norcross Companies, Osborne 
Street, Bloomfield, 


Filters 


new permanent filter aluminum 
and stainless steel construction and 
specified for pressurized pipelines, suc- 
tion tubes and immersion pumps utilizes 
two interwound springs strain water 
thin and high viscosity materials. 
marketed the Compression Spring 
Filter The Chrom-O-Lite Company, 
2701 East 78th Street, Minneapolis, 
Minn., will available three sizes 
and also all stainless steel. Medium 
pressure model will handle line pres- 
sures 1000 pounds and differential 
pressures exceeding 100 psi. Filters will 
comparable 20, 40, and 100 
mesh screens. 

solve most sediment problems en- 
countered home and small commer- 
cial water systems, five porosities 
filter cartridges are available for the 
No. water filter recently introduced 
Calgon Company, Hagan Center, Pitts- 
burgh 30, Pa. The No. filter, which 
also can used pre-filter ahead 
other water conditioning equipment, 
comes with two regular cartridges suita- 
ble for ordinary conditions. Other 
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porosities are Minus for extremely 
fine filtration and Plus and for use 
where frequent cartridge replacement 
not called for. 

Two centrifugal filter systems, one 
series offering capacities 300 2700 
gph and the other miniature with 
capacity gph, are described 
data sheets available from Sethco 
Manufacturing Corporation, 2284 Baby- 
lon Turnpike, Merrick, I., The 
300 2700 gph system with epoxy 
filter chamber designed provide 
and alkaline electroplating baths high 
flow rates and temperatures 250 
Miniature system for handling small 
volumes corrosive and expensive 
solutions requiring constant circulation 
laboratory, pilot plant and process 
work has see-in acrylic filter chamber 
with epoxy centrifugal pump. Pow- 
ered 1/40 motor, miniature 
operates from any 3-wide 110v a-c 
outlet. 


Glass 


Corrosion resistance commercial 
glasses discussed booklet, 
ties Selected Commercial Glasses,” 
available from Corning Glass Works, 
Corning, Information covers re- 
ristance water, weathering, acids and 
alkalies and mechanical, electrical and 
optical properties various glasses. 

Fibre-glass applications and manu- 
facturing methods are discussed proc- 
ess selection guide for designers and 
production specialists. The guide, entitled 


Size problem Verre. This huge vent hood over feet wide and was 
designed provide trouble-free corrosive fume removal. Two such units completely 


filled large size railroad car. 


Over wide range corrosive and erosive conditions, Verre Resin Bonded Fiberglass 
has proved its superiority over coatings, linings and other traditional “resistant” materials. 
Completely homogeneous, Verre fabricated ducts, fittings, hoods and tanks provide 
uniform protection from flange flange, inside and One-quarter the weight 
steel, Verre fabrications also save you money freight, handling and erection. 
Whatever your process needs, equipment can Verre fabricated your specifica- 


BOX 37-L 


tions. Write today. Ask for Bulletin No. 101 and see how Verre 
can eliminate the high cost corrosion and product contamination. 


First Quality for Complete Corrosion with Reinforced Plastics 


ARCADE, 


NEW YORK 


Vol. 


from Apex Reinforced Fibre-Glass Di- 
vision, Washington and Elm Streets, 
Cleveland 13, Ohio. 


Inhibitors 


scale inhibitor, two corrosion in- 
hibitors and paraffin control chemical 
are described product 
from Visco Products Company, 1020 
Holcombe Boulevard, Houston 25, Texas. 
Water soluble scale inhibitor, Visco 
BX, formulated control carbonate 
sulfate scaling normally encountered 
oil field operations. Oil soluble, non- 
water dispersible corrosion inhibitor, 
Visco 998, designed for use oil base 
squeezing and effective against carbon 
dioxide, hydrogen, sulfide, organic acids, 
corrosive brines and oxygen. soluble, 
highly water dispersible corrosion in- 
hibitor, Visco 923, protects both sweet 
and sour producing oil wells against 
carbon dioxide, hydrogen sulfide and 
corrosive brines. Paraffin control chemi- 
cal, Visco 914, solvent dispersant 
and useful removing paraffin from 
wells, flow lines and tanks. 

corrosion inhibitor for small evapo- 
rative condensers and cooling tower 
systems packaged one-gallon cans 
designed automatically provide con- 
stant feed for about thirty days. Feed- 
ing can placed the sump, usually 
under the make-up water valve, accord- 
ing manufacturer, Calgon Company, 
Hagan Center, Pittsburgh 30, Pa., and, 
copper tubing can used carry 
water from recirculating line top 
can. 


Metals, Ferrous 


new nickel-copper-titanium low 
steel with 50,000 psi minimum 
yield point and 70,000 minimum tensile 
strength possesses high strength, excel- 
lent forming qualities, good weldability 
and excellent resistance atmospheric 
corrosion, according Jones Laugh- 
lin Steel Corporation, Gateway Center, 
Pittsburgh 30, Pa., which recently an- 
nounced realignment its high 
strength steel grades. The new grade 
replaces Jalten Cor-Ten, which J&L 
says offers optimum resistance atmos- 
pheric corrosion, supplants Jalten 
Also recently introduced the 
series columbium-bearing steels said 
offer good forming characteristics 
and excellent weldability various 
strength levels. Above grades are availa- 
ble hot and cold rolled sheets, gal- 
vanized sheets, hot rolled bars and small 
shapes and regular and floor plates. 


Miscellaneous 


Accidental grounds power lines are 
immediately detected ground de- 
tector equipped with audible alarm, 
according manufacturer the unit, 
Parr Manufacturing Corporation, 
Austin Street, Newark, Three 
phase-indicator lamps detector glow 
when wired power system, and 
when ground occurs, one lamp dims 
goes out, indicating which phase 
ground has occurred. Simultaneously 
red warning lamp flashes and relay 
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actuates bell horn connected de- 
16-gauge steel. Weight pounds. 


New thin PVC gloves for protecting 
finished parts from perspiration provide 
almost gloveless touch. Pre-powdered 
inside, gloves are available 
medium and large sizes from Wilson 
Rubber Company, Industrial Division, 
Garfield Avenue, W., Canton 

hio. 


Thin evaporated functional films ap- 
plied vacuum deposition are provided 
the newly formed Evaporated Coat- 
ings, Huntingdon Valley, Pa. 
Optical films, conductive and solderable 
electrical films, bonding films, ultra thin 
spacers and thermal control films are 
standard; special coatings are engineered 
requirements. Company also offers, 
through electron bombardment, silicon, 
platinum, rhodium and other low vapor 
pressure material coatings. Maximum 
size limitations are inches. 


ceramic-like mineral glaze that has 
exceptional chemical and stain resistance 
ideal for surfacing laboratory table 
tops, according developer, Johns- 
Manville, East 40th Street, New 
York 16, Called Colorceran, new 
material reported have high struc- 
tural strength, good machinability and 
excellent resistance thermal shock, 
abrasion and scratching. Additional in- 
formation the material, including re- 
sults spot tests with commonly 
used reagents, available from de- 
veloper. 

skid and chemical resistant indus- 
trial floor coating, ready mixed for quick 
and easy application, reported 
Wilbur Williams Company, Inc., Nor- 
wood, Mass. Company says its new 
Tuf-Quik Skid-Grip coating adheres 
wood, concrete and metal, dries over- 
night and provides non-sparking surface, 
85-90 percent coefficient friction 
wet oily floors and resistance 
repeated spillage fuels, lubricating 
oils, fats, grease and other common 
industrial compounds. 


Booklet entitled “Corrosion—What 
Causes It—What About It” with 
emphasis cement lined pipe availa- 
ble from Mid-West Cement Pipe Lining 
Company, Box 295, Crossville, Ill. Cor- 
rosion products and services offered 
the company are described detail. 


Plastics 


Fiberglass reinforced polyester and 
epoxy tanks, ducts, stacks, hoods and 
related equipment manufactured 
An-Cor Industrial Plastics, Inc., 254 
Rano Street, Buffalo Y., are de- 
scribed brochure, “Reinforced Plas- 
tic,” available from the company. 
“Chemical Resistant Table An-Cor 
Polyester Resins” also available. 


high strength filament-wound rein- 
forced plastic with excellent corrosion 
resistance, dielectric strength and tensile 
strength exceeding that heat treated 
steel reported Taylor Fibre Com- 
pany, Norristown, Pa., which uses 
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make straight tubes, closed end pressure 
vessels-and tapered and other geometri- 
cal shapes. Parts and structures requir- 
ing high strength-to-weight ratio and 
roughly circular cross section are 
subject this filament-wound construc- 
tion, Taylor says. Recommended uses 
are aircraft and missile applications, 
storage and processing equipment, pres- 
sure piping, pressure relief equipment, 
honeycomb structures and firearms 


applications. 


new transparent nylon resin de- 
veloped for extrusion wire coating 
possesses excellent stability 
weatherability and than 
former compositions, according its 


Company, Wilmington, Del. Typical ap- 
plications for the resin, called Zytel 53, 
include jacketing over color-coded 
installations where transparency and re- 
sistance occasional sunlight are re- 
quirements, hook-up wire, radiant 
heating wire, electric blanket wire and 
automotive ignition wire. 


For protecting threaded, 
and splined shafts and drill pipe and 
other products relatively large diam- 
eter odd shape, polyethylene caps 
and sleeves are custom made Protec- 
tive Closures Company, Inc., 2207 Elm- 
wood Avenue, Buffalo 23, 
Description service and design possi- 
bilities available from manufacturer. 


GOOD 


FOR 


Reilly Coal Tar Enamels and related primers, used together, provide 
the corrosion protection needed underground metal structures. 


The Reilly hot enamel system is: 


electrically insulated 
waterproof 

oilproof 
bacteriaproof 


oxidationproof 
stressproof 

tough and strong 
permanently bonded 


addition, Reilly coating systems offer ultimate longevity because 
they inherit the chemical inertness and stability coal tar, from 


which they are made. 


Specify Reilly hot-applied coal tar enamels related primers 


for oil, gas and water pipelines. 
REILLY ENAMEL AND PRIMER 


Reilly Pipeline Enamel 
Reilly Intermediate Enamel 
Reilly 230-A Enamel 

Reilly 230 AWWA Enamel 


Reilly Hot Service Enamel 


REILLY TAR CHEMICAL CORP. 


Reilly Pipeline Primer 
Reilly Primer 

Reilly 230 X-10 Primer 
Reilly 230 X-10 Primer 


Reilly 230 X-10 Primer 


Reilly 
Redhead® 


1615 MERCHANTS BANK BUILDING, INDIANAPOLIS 4, INDIANA ARMED 
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John Groomes has been appointed 


assistant general manager American 
Society Tool and Manufacturing En- 
gineers, 10700 Puritan Avenue, Detroit, 
Mich. 


NACE Member Richard Waldron 
has been named chief engineer The 
Okonite Company, Passaic, Rob- 
ert Blodgett has been appointed di- 
rector research. 

€ 


Carpenter Steel Company, 101 West 
Street, Reading, Pa. 
nounced the following appointments: 
William Millard branch manager 
the Hartford/Providence mill 
warehouse; Allen Washburn dis- 
trict manager, Cleveland, Ohio; Robert 
Koch sales service manager 
the Webb Wire Division, North Bruns- 
wick, 

Hagans, sales manager The 
Ohio Steel Foundry Company, Spring- 
field, Ohio, has been re-elected president 
the Alloy Casting Institute. 


Clifford Shumaker, chairman the 
Department Industrial Engineering 
Southern Methodist University, Dal- 
las, Texas, has been named president 
The American Society Mechanical 
Engineers. 

Robert Eakin has been appointed 
vice president the Engineering and 
Construction Division Koppers Com- 
pany, Pittsburgh 19, Pa. 

Robert Arnold has been named 
resident manager the Southern Divi- 
sion Cook Paint Varnish Company, 
Box 389, Kansas City 41, Mo. 


NACE Member Louis Kettler has been 
appointed research engineer the staff 
American Zinc Institute-Lead Indus- 
tries Association Expanded Research 
Program, 292 Madison Ave., New York 

Mrs. Nell Steckel Steinmetz, librarian 
the Pacific Aeronautical Library 
Los Angeles, has been presented the 
Award Merit the Science-Tech- 
nology Division the Special Libraries 
Association. The association presented 
its Publication Award jointly Ger- 
trude Bloomer The William Mer- 


for corrosive liquids... 


Gates can supply tanks protected 

choice lining materials best suited 
give safe storage for your corrosive 

liquids. 

cost tanks... fast delivery! 


Gates-tank plants Sioux City, Iowa, 

Colo., specialize only 
corrosion protec- 

tion. Tanks can 

quickly lined upon 

order low cost. 

Large choice tank designs. Many 
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rell Company, Lockland Station, Cin- 
cinnati 15, Ohio, and Joan Hutchinson 
the National Lead Company, Cincin- 
nati, Ohio. 
e 

Shell Development Company, Emery- 
ville, Cal., has made the following ap- 
pointments its Emeryville Research 
Center: Yabroff, manager 
chemical research and development; 
Edwin Gould, chemist the petro- 
leum chemistry department; Robert 
Larsen, oil research and development 
consultant. Transferring are Ray- 
mond, former manager chemical re- 
search and development, The Nether- 
lands and Scordelis Shell 
Chemical Company’s Plastics Technical 
Center Woodbury, New Jersey, 
manager-services. 


Wells Hudson has been appointed 
sales manager industrial coatings for 
Protective Coatings Division Pitts- 
burgh Chemical Company, subsidiary 
Pittsburgh Coke Chemical Com- 
pany, 2000 Grant Building, Pittsburgh 


NACE Member Robert Hindman 
and William Gealey have been named 
manager and general superintendent, 
respectively, the Butler, works 
Armco Steel Corporation. 

Bates, NACE member, has 
been named senior staff engineer the 
engineering department Union Car- 
bide Chemicals Co., South Charleston, 
Va. 

Kenneth Iverson has been named 
executive vice president Coast Met- 
als, Inc., Little Ferry, 

Henry Killmar has been appointed 
manager the New Products Branch 
The Carborundum Company’s Re- 
search and Development Division, 
Niagara Falls, 


NACE Member Charles Lamar, 2040 
Canterbury Lane, Glendora, Cal., has 
been made executive vice president 
Southern Pipe Division the 
Industries, Inc. 


William McLaughlin has been ap- 
pointed assistant general manager 
Protective Coatings Division Pitts- 
Chemical Company, Pittsburgh, 


William Moreland, vice president 
charge manufacturing, Myers 
Bro. Co., Ashland, Ohio, has been 


Write for complete information: 


popular models lined tanks are GATES RUBBER COMPANY SALES DIVISION, INC. 


stock for immediate delivery. 


Denver 17, Colorado 


elected president the American So- 
ciety Tool and Manufacturing Engi- 


neers. 
e 


Harry Osborn, research director 
Tocco Division, Ohio Crankshaft Com- 
pany, Cleveland, Ohio, has been ap- 
pointed representative American 
Society Tool and Manufacturing En- 
gineers the Council American 
Association for Advancement Science. 


NACE Member Frank Penl, sales 


manager McDougall-Butler Paint 
Manufacturers, Buffalo, Y., has been 
named president the Buffalo Paint, 
Varnish and Lacquer Association. 


NACE Member Merrill Scheil, di- 
Smith Corporation, Milwaukee Wis., 
has been cited the University 
Wisconsin for his contributions the 
advancement the metallurgical en- 
gineeering profession. 


Richard Douglass has been ap- 
pointed metallurgist Metals Division 
National Research Corporation, 
Memorial Drive, Cambridge 42, Mass. 
Ronald Einarsen has been named east- 
ern area manager, Westwood Avenue 
Westwood, 


John Hague has been appointed 
chief the Standard Reference Mate- 
rials Section the National Bureau 
Standards, Washington 25, John 
Taylor has been appointed chief 
the Applied Analytical Research Sec- 
tion the bureau’s Analytical and Inor- 
ganic Chemistry Division. 

Stevens has been named assistant 
chief engineer Schutte and Koerting 
Company, Cornwells Heights, Buck 
County, Pa. Blatchley has been 
named chief engineer and Bus- 
field manager, power equipment sales. 


Gilbert Addis has been named assist- 
ant director—vinyl planning the De- 
velopment Department Union Car- 
bide Plastics Company, Division 
Union Carbide Corporation, 270 Park 
Avenue, New York 17, 


Donald Burns has been appointed 
manager Sika Chemical Corporation 
its Rocky Mountain District office, 
4661 Meade Street, Denver, Colo. 


Warren Chase, vice president 
Ohio Bell Telephone Company, Cleve- 
land, Ohio, has been elected 1961-62 
president the American Institute 
Electrical Engineers. 


NACE Member Cushing has been 
named sales engineer for the Washing- 
ton, Oregon, Western Idaho and Alaska 
territory the Carboline Company, 
Industrial Court, St. Louis 17, 
Mo. 


NACE Member Charles Edwards, 
Edwards Engineering Sales, Box 233, 
Fords, J., has been named direct 
factory representative the New York- 
Delaware Valley area for Falls Indus- 
tries, Inc., Aurora Road, Solon, Ohio. 


Alton Minor American Telephone 
and Telegraph Company has been trans- 
ferred from New York Southern Bell 
Telephone and Company, 
Atlanta, Ga., where will design 
engineer Plant Extensions Staff Op- 
erations, West. 
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TECHNICAL COMMITTEE ACTIVITIES 


T-5A Answer 


Inquiries 
Acids and Alkalies 


Technical Committee T-5A, Corrosion 
Chemical Processes, has reorganized 
working task groups order con- 
centrate the three major groups 
chemicals primary interest corro- 
sion engineers: Organic Acids, Inorganic 
Acids and Alkalies. Each the three 
task groups will have corrosion corre- 
spondents whom anyone the proc- 
industries with problem can direct 
inquiry. 

T-5A-1 will focus inorganic acids. 
Pont Company, Wilmington, Del. Vice- 
Carbide Chemicals Company, Texas 
City, Texas. 

T-5A-2 will vie with organic acids. 
Chairman Scott the Celanese 
Corporation America, Bishop, Texas. 

T-5A-3 tackles alkalies. Its chairman 
Gladis The International Nickel 
Wall Street, New York 


solution inquiry, the corrosion cor- 
respondent will circulate the problem 
among the members the task group. 
The coordinator, Dillon Union 
Carbide Chemicals Company, Develop- 
ment Department, South Charleston 
Va., reports that when problems are 
suitably worked out, the data will 
presented Corrosion for consideration 
for publication. 


Corrosion correspondents for the 
three task groups are follows: 
T-5A-1, Inorganic Acids 

Phosphoric Gackenback 


American Cyanamid Company, 
Rockefeller Plaza, New York 20, 


Hydrochloric Acid—J. Bosich 
Diamond Alkali Company, Box 430, 
Painesville, Ohio. 


Sulfuric Acid—L. Gleekman 
Wyandotte Chemicals Company, 1609 
Biddle Avenue, Wyandotte, 

Hydrofluoric Acid—H. Burbidge, 
Aluminium Company Canada, Ltd., 
Box 6090, Montreal Quebec, Canada. 

Nitric Burton Allied 
Chemical Corporation, General Chemi- 
cals Division, 1100 Line Street, Camden 

Carbonic Acid—A. Tesmen, Scien- 
tific Design Inc., Park Ave- 
nue, New York 


T-5A-2, Organic Acids 

Rogers Union Carbide Chem- 
icals Company, Box 471, Texas City, 
Texas. 


T-5A-3 

Siebert, Monsanto Chemical 
Company, Monsanto, 

Chemical Corporation, Box 31, Barber- 
ton, Ohio. 

Bosich Diamond Alkali Com- 
pany, Box 430, Painesville, Ohio. 

Hickerson Pittsburgh Plate 
Glass Company, Box 1000, Lake Charles, 


K.C. and Indianapolis 
Affiliate With T-7 


The Greater Indianapolis Corrosion 
Society and the Greater Kansas City 
Corrosion Committee, are, respectively, 
the 26th and 27th affiliates NACE’s 
Committee T-7 (Corrosion Coordinating 
Committee). Both groups are under Unit 
Committee T-7B (North Central Region 
Corrosion Coordinating Committee). 


Officers the Greater Indianapolis 
group, whose territory covers all In- 
diana except the northern tier seven 
counties, are President Charles Kleis, 
Chairman Karraker Shell Oil 
Company and Secretary Ralph Willis 
Citizens Gas Company. The membership 
time application affiliate was 73. 


Greater Kansas City’s officers are 
Chairman Wright The Gas Serv- 


Membership NACE Technical Unit Committees 


question frequently asked guests attending meetings Technical 
Unit Committees “How may become member this committee?” 
This question answered the following procedure quoted from the 
Technical Committee Operation Manual: 


place country residence) may become 
member Technical Unit Committee 
upon fulfillment the following require- 
ments. 


2.He should apply writing the 
Chairman the Unit which desires 
membership, stating his interest 
ness participate the activities the 


Unit and giving his experience the sub- 
ject. 

Approval the Chairman the Unit 
Committee the application majority 
vote committee members letter ballot 
necessary for appointment applicant 
membership Unit Committee. 


Chairman the Unit Committee 
will notify each applicant his 
rejection. 


directory NACE Technical Unit Committees and Officers pub- 
lished the January, April, July and October issue CORROSION. 


ice Company, Vice Chairman 
Geraughty Southwestern Bell Tele- 
phone Company Brown 
Service Pipe Line Company. Since its 
creation January, 1956, mem- 
bers and member companies, this com- 
mittee has grown members and 
member companies. 


Paint Union Studies 
Report T-6D 


Painter Education 


that painters may catch and 
keep with technological advances 
industrial painting techniques and ma- 
terials, new industrial painter education 
program advocated NACE Tech- 
nical Committee Report (T-6D) Page 
121 this month’s This pro- 
gram will require the cooperation all con- 
cerned: manufacturers, labor, management 
and customers, the report 

The General Executive Board the 
Brotherhood Painters, Decorators and 
Paperhangers America has directed 
the report the attention the Ap- 
prenticeship and Training Committee 
and the National Joint Trade Board, 
according the General President 
the brotherhood, Lawrence Raftery. 
also has stated that the chemical in- 
dustry, where the report indicates $50 
million annual saving could made 
man hours through greater familiarity 
painters with improved products and 
techniques, will receive the full coopera- 
tion the brotherhood. 


Erd Head T-6D-8 


Norman Erd 
Monsanto Chem- 
ical Company, Box 
1311, Texas City, 
Texas, has been ap- 
pointed chairman 
Task Group T-6D-8, 
Contract Versus 
Maintenance Paint- 
ing. 

Fox, former 
chairman, has re- 
signed but will con- 
tinue serve the 
committee, reports 

Parker Helms, chairman T-6D. 


Look for 
FOCUS 
INDUSTRIAL COATINGS 


SEPTEMBER 
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Two New Magazines Will Published 


Better Service 
Readers Aim 


NACE Journals 


Two new magazines will published 
the National Association Cor- 
rosion Engineers beginning January, 
1962. They will titled 
and ABSTRACTS.” 
Publication these magazines repre- 
sents fruition plans initiated almost 
three years ago the NACE Publica- 
tion Committee. This step was approved 
the association’s board directors 
its meeting Buffalo last March. 


The magazine will 
continued journal corrosion 
science and will consist almost entirely 
rently published the Technical 
Section. 

NACE members will receive both 
MATERIALS PROTECTION and 
automatically consideration their 
membership. Current subscribers Cor- 
ROSION will offered both magazines 
the same rates they now pay for Cor- 
ROSION alone. 


Fits Association Activity 
The decision issue the new maga- 
zines follows the increased interest among 
NACE members and subscribers all 
aspects materials protection. This 
interest involves the use non-metallics, 
such plastics, ceramics, glass, wood, 
coatings and others and all the num- 
erous means available protect them 
from attack corrosives. the same 
time, interest the applicatory aspects 
corrosion mitigation metals has 
been increasing. These interests have 
been met part increasing the num- 
ber articles the present “Technical 
Topics” section, and increasing the 
volume and variety information 

the “Record and Report” section. 


MATERIALS PROTECTION will continue 
expand the volume and variety this 
material with emphasis case histories, 
field applications and in-service testing. 
Also scheduled are greater numbers 
articles developed the magazine staff. 
These will match major interests and 
activities NACE various corrosion 
control and materials protection fields. 
The magazine will not contain the “Cor- 
rosion Abstracts” section now published 


Better Abstracting Service 

effort better serve the needs 
NACE members and others concerned 
zine, “Corrosion will pub- 
lished containing the latest available 
material. With this magazine the as- 
sociation will make available interested 
subscribers timely abstracts the 
world’s technical literature. disadvan- 
tage the “Corrosion Abstracts” sec- 
tion most frequently mentioned 
long delay between publication use- 
ful article and appearance its abstract 
the section. 

Corrosion will contain ab- 
stracts now issued the NACE Ab- 
stract Punch Card Service and will 
much more timely. also will contain 
about percent more abstracts than 


News/application magazine for all NACE members and 
CORROSION subscribers. Issued once month. The 
principal advertising medium reach men interested 
protecting materials and preventing corrosion. 


Corrosion Abstracts 


Containing current abstracts articles, books, pamphlets 
from the world’s literature corrosion control. Issued 
6-times-a-year. Also will contain advertising directed 


researchers. 


appears the “Corrosion Abstracts” 
section will take the 
place the abstract punch card service 
and the abstract section. 

This magazine available for sale 
all interested persons. issue, 
which will the same the first 
issue, will appear the fall and will 
sent all persons record NACE 
files known interested corrosion 
prices has been set. 

Corrosion, which will issued with 
the same cover format and the same 
internal arrangement the present 
Technical Section Corrosion, will 
published later the month than 
present. will consist almost entirely 
contributed technical articles. 
limited amount advertising will 
carried. 

All magazines will carry advertising. 
brochure with complete information 
available. 


Bi-Monthly Magazine 


Replace Punch Cards 


The NACE Abstract Punch Card Serv- 
ice will discontinued the expiration 
1961 subscriptions. will replaced 
which the association believes 
will better serve the interests current 
punch card service subscribers and will, 
addition, attract many 
presently are subscribers the punch 
cards. 

The decision discontinue the punch 
cards has been made reluctantly, but 
recognizes the changes that have come 
about the field literature retrieval 
the decade since the service was 
established. firms that found the 
punch cards satisfactory the beginning 
since have automated their literature 
retrieval with new electronic devices. 
The number subscribers the serv- 


ice has shown gradual drop during 
the past several years, and the associa- 
tion was unable make the service self- 
supporting even with substantial in- 
crease the subscription price. 
Subscribers the punch card service 
who wish may continue using 
the NACE cards and system pasting 
onto blank cards available from the as- 
sociation, clipped abstracts from the 
ABSTRACTS magazine. Extra 
copies the magazine are available 
subscribers additional fee. 


Technical Articles 
For September 


TOPIC THE MONTH: Location 
the Half Cell, Kenneth Compton 


Problems Encounted Ammonia Ab- 


Tanker Corrosion and Use Galvanic 


Sinter Plant Corrosion Problems, 
Schmitt 


Economics Maintenance Painting: 
Report NACE Technical Unit Com- 
mittee T-6D Industrial Mainten- 
ance Painting Prepared Task Group 
T-6D-1. Parker Helms, Chairman 
T-6D, and Lopata, Chairman 
T-6D-1 

Rubber Linings, Hard and Soft for Re- 
sistance Corrosion: Report 
NACE Technical Unit Committee 
Organic Coatings and Linings 
for Resistance Chemical Corrosion 
Prepared Task Group T-6A-1 
Rubber Linings. Van Delinder, 
Chairman T-6A, and McFarland, 
Jr., Chairman T-6A-1 

High Temperature Scaling Hafnium 

Effect Solution the Mechanism 
Stress Corrosion Cracking 
Martensitic Stainless Steel, 
Bhatt and Phelps 

Hydrogen Service Failures Welds With 
Insufficient Alloy Content, 
Manuel 
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August, 1961 TECHNICIAL COMMITTEE ACTIVITIES 


more than 1000 consultants 
more than 1000 executives 
more than 2200 engineers 
more than 3500 others 
more than 5500 plants 


Write for recent data the authoritative 
audience that makes decisions purchases 
equipment and services for protection mate- 
rials from deterioration and corrosion. This au- 
dience consists men all over the world who 
are responsible for protecting materials all 
kinds environments. 


First Issue 
JANUARY 


“bin 
a, 


Application News 


lively, easy-to-read 
magazine which goes the same men 
who now receive CORROSION. De- 
signed for maximum advertising results 
through improved reader traffic. 


you sell materials, equipment services used for 
controlling industrial corrosion, protecting mate- 
rials from any kind deterioration, you can advertise 
advantage MATERIALS PROTECTION. 

Our readers are the top management and engi- 
neering groups where decisions are made whose 
products are purchased. They are men 5,500 plants 
who are responsible for protecting investments 
buildings, docks, pumps, valves, piping, vehicles, 
ships, tanks, pressure vessels, instruments, and hun- 
dreds other kinds equipment from damage 
loss the attacks weather, chemicals, electri- 
cal currents other destructive elements. 


These men use the data NACE publications 
help them decide what not do! 


WRITE 


authoritative, practical 
technical editorial material 


Our readers use information provide help thera select 
the right equipment protect plants they are responsible for. 


lively product-oriented news 


Interesting because the wide variety products mentioned. 
Readers keep abreast world wide developments materials 
protection and corrosion control. 


news from NACE and committees 


Doings the internationally organized National Association 
Corrosion Engineers and its technical committees are re- 
ported regularly. 


Address: MATERIALS PROTECTION, 
Houston Texas 
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“LET 
CRACK DOWN 
YOUR 
MAINTENANCE COSTS!” 


“Premature paint failure like this plays hob with 
profits,” says DuPont Technical Representative Pete 
Sikkel. “And more often than not, so-called ‘bargain’ 
finishes are blame. 


“Du Pont’s new CORLAR Epoxy Chemical-Resistant 
Enamels, the other hand, solve this kind problem. 
CORLAR grew out continuing research develop 
new kind protective finish—for really difficult con- 
ditions caused highly corrosive atmospheres involv- 
ing mineral acids, alkalies, moisture and heat. Once 
applied, CORLAR enamels form tough, molecular film 
that literally locks out corrosion. And course, like 
all Pont finishes, they’re chemically engineered 
cope with specific situations. 


“Just important the paints you use, however, 
the way you use them. Which where Pont’s 
system maintenance painting brings you impor- 
tant bonus: expert technical assistance, help you 
effect the kind savings that turn maintenance dol- 
lars into profit dollars. Our recommendations, based 
careful analysis your problem, assure effective, 
long-term protection lowest cost per square foot 
per year!” 


Over years’ experience with corrosion problems 
makes Pete Sikkel typical the able, expert help you 
can expect from DuPont. Why not call your local 
district sales office the next time you have 
corrosion problem? For facts the finishes men- 
tioned here, just clip and mail the coupon below. 


Finishes Division, Department C-18 
Wilmington 98, Delaware 


Please send me, without obligation, technical bulletin 
CORLAR. 


Please have Pont Technical Representative schedule 
call. 


Name_ 


Address 


State 


MAINTENANCE PAINTS 


PONT 


REG. 5. pat. OFF 


BETTER THINGS FOR BETTER CHEMISTRY 


= fA 


Eight Symposia 
Have Petroleum 
Content Papers 


technical program high interest 
for corrosion engineers the oil busi- 
ness has been outlined for the October 
meeting South Central Region. The 
annual regional meeting will held 
Houston October 24-26 the Sham- 
rock-Hilton Hotel. concurrent ex- 
hibition will held also. 

Papers eight symposia will concern 
problems corrosion the oil indus- 
try. Symposia wholly about oil industry 
problems are: Cathodic Protection, 
Galvanic Anodes, Marine and Offshore, 
and Oil and Gas Production. 

Also scheduled symposium con- 
sisting reports technical commit- 
tees the National Association Cor- 
rosion Engineers coatings problems. 
Most the technical committees meet- 
ing during the conference will from 
oil industry groups. 

Listed below are symposia and tech- 
nical papers fare reported: 
Aluminum Symposium 

Chairman, Maurice Riordan, Rio 
Engineering Company. 

Astmospheric Weathering and Marine 
Service Characteristics Aluminum 
Alloys Summerson, Kaiser Alu- 
minum and Chemical Corporation. 

Aluminum Alloys for Chemical and 
Petro-Chemical Service Dalrym- 
ple, Reynolds Metals Company. 

Aluminum Pipe Lines and Their Ca- 
thodic Protection Ellis Vernik and 
Carlisle, Aluminum Company 
America. 

Cathodic Protection Symposium 

Chairman, Marion Frank, Tennes- 
see Gas Pipeline Company. Co-Chair- 
man, Cook, American Zinc In- 
stitute. 

Zinc Anodes for Protection Crude 
Oil Cargo Tanks Lattin, 
Ebasco Services, Inc., and 
Quimby, Texaco-Panama, Inc. 

Use Parallel Ground Beds for 
Cathodic Protection Bare Pipelines 
Dearing, Texas Eastern 
Transmission Corporation. 

Practical Interference Current Test- 
ing Underground Metallic Structures 
Seifert, Tennessee Gas Pipe- 
line Company. 

Chemical Industry Symposium 

Chairman, Ashbaugh, Union 
Carbide Chemicals Company. Co-Chair- 
man, Kunkel, Celanese Chemical 
Corporation. 

Ductile Iron—The Metal the Fu- 
ture Jack Marsh, Stockham 
Valve Company. 

Design and Application High Per- 
formance Metals CPI Equipment 
Rodgers, The Pfaudler Company. 

Precipitation Hardening Stainless 
Steels John Halbig, Armco Steel 
Corporation. 


Houston Program Centers Oil Industry 


Products Set for 


Regional Exhibit 


Anodes 
Graphite 
Magnesium 
Zinc 
Cables 
Cathodic Protection 
Equipment 
Materials 
Test Installations 
Coatings 
Mastic 
Organic 
Pipe 
Couplings 
Fittings 
Gauges 
Inhibitors 
Inspection Equipment 
Caliper Surveys 
Holiday Detectors 
Ultrasonic 
Insulation 
Pipe 
Epoxy resin, glass reinforced 
Fluorocarbon lined 
Saran lined 
Plastics 
Pumps 
Rectifiers 
Sandblasting Equipment 
Tubing, Plastic Lined 
Valves 
Wrapping, Pipe 


Ultrasonic Inspection 
Equipment Gilbert, Union 
Carbide Chemical Company. 

Round Table. 


Galvanic Anodes Symposium 

Chairman, Walter Noser, Humble 
Pipe Line Company. Co-Chairman, 
Stanley Kleinheksel, Magnolia Pipe 
Line Company. 

Latest Development With Aluminum 
Alloy Anodes Ralph Horst, Jr., 
Aluminum Company America. 
Industrial Maintenance Painting 
Symposium 

Chairman, Parker Helms, Union 
Carbide Chemicals Company. Co-Chair- 
man, Don Cone, Butadiene 
and Chemical Company. 

Comparison Contract Painting 
and Plant Report 
T-6D-8 Norman Erd, Monstanto 
Chemical Company. 

Designing for Corrosion Control— 
Wood, Jr., Carboline Company. 

T-6D-7 Coatings Clinic—Panel Dis- 
cussion. Moderator, Joe Rench, 
Napko Corporation. 

Marine and Offshore Symposium 

Chairman, Stautfer, Humble 
Oil Refining Company. Co-Chairman, 
Grosz, The California Company. 


(Continued Page 56) 


Twenty-Six Firms 
Hold Space 
Shamrock Show 


Twenty-six companies have now 
scheduled exhibits the Fourth South 
Central Region Exhibition October 24- 
26. Running with the 
South Central Region Conference the 
Shamrock Hilton, Houston, the exhibi- 
tion will held adjacent the meeting 
rooms the conference’s technical pro- 
gram. 

date the booths available 
have been reserved. The floor plan 
showing numbered booths appears 
Page the May issue 
Inquiries regarding booths, exhibits, fa- 
cilities, contracts and related matters 
should directed Huff, Jr., 
NACE Exhibits Manager, 1061 
Building, Houston Texas. 

The companies that have con- 
tracted for booths far are: 

Atlas Chemical Industries, Inc., Hous- 
ton, Texas 

Brance-Krachy Company, Houston, 
Texas 

Cameron Iron Works, Inc., Houston, 
Texas 

Cathodic Protection Service, Houston, 
Texas 

Clementina, Ltd., San Francisco, Cal. 

Clemtex, Ltd., Houston, Texas 

John Dore’ Company, Houston, 
Texas 

Eicor Division, Indiana General Cor- 
poration, Oglesby, 

Ethylene Coast Corporation, 
Houston, Texas 

Federated Metals Division, American 
Smelting and Refining Company, Hous- 
ton, Texas 

Fibercast Company, 
Okla. 

Hardy-Griffin Engineering Corpora- 
tion, Houston, Texas 

International Inspection, Inc., 
ton, Texas 

Kinley Company, Houston, 
Texas 

Magnaflux Corporation, Houston 
Texas 

Mercer Engineers, Inc., 
Texas 

National Electric Manufacturing Com- 
pany, Inc., Houston, Texas 

Plastic Applicators, Inc., Houston, 
Texas 

Price Company, Harvey, La. 

Resistoflex Corporation, Roseland, 


Hous- 


Houston, 


Engineering Company, Houston, 
Texas 

Royston Laboratories, Inc., 
burgh, Pa. 

The Seamless Rubber Company, New 
Haven, Conn. 

Stockham Valves Fittings, Bir- 
mingham, Ala. 

Tuboscope Company, Houston, Texas 

Visco Products Company, Houston, 
Texas 
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Tech Committees 
Meet Oct. 24-26 
Shamrock Hilton 


date Technical Committees will 
meet the South Central Region Con- 
ference Houston’s Shamrock Hilton 
October 24-26. Times and meeting rooms 
will appear next month’s 

glance the committee list below 
will indicate the broad coverage oil field 
corrosion will receive. Also focusing 
such areas organic inorganic 
acids, cooling waters, industrial mainte- 
nance painting shield, the 
committees are follows: 


T-1C Detection Corrosion Oil 
Field Equipment 

T-1D Control Oil Field Corro- 
sion Chemical Treatment 

T-1E Cathodic Protection 
Field Equipment 

T-1F Metallurgy Oil Field 
Equipment 

T-1G Protective Coatings and Non- 
Metallic Materials for 
Field Use 

Economics Corrosion Con- 
trol 

T-2 Task Group—Pipe Line Cor- 
rosion, Minimum 
ments 

Wrappers for Underground 
Pipe Line Coatings 

T-2J-5 Rock Shield 

T-5A-1 Inorganic Acids and Deriva- 
tives 

tives 

T-5C-1 Corrosion Cooling Waters, 
South Central Region 

T-6A Organic Coatings and Linings 
for Resistance Chemical 
Corrosion 

T-6B Protective Coatings for Re- 
sistance Atmospheric Cor- 
rosion 

T-6B-9 Chlorinated Rubber 


T-6B-19 Hot Dip Galvanizing 
Protective Coating Atmos- 
pheric Corrosion 


T-6D Industrial Maintenance Paint- 
ing 

T-6D-10 Training Films 

T-6G Surface Preparation for Or- 


ganic Coatings 


3-Day Permian Basin Tour 
Inspect Waterfloods 


The Permian Basin Corrosion Tour 
held September 20-22 out 
Odessa, Texas, promises most 
interesting and informative. biennial 
West Texas event, the three-day tour 
sponsored the Basin 
Section. 

This year’s tour has 
spection trips nine water flood proj- 
ects, producing oil wells 
plants. 

the water flood projects, both open 
and closed systems, water treatment 
and corrosion control programs will 
explained. Protective coatings, cathodic 
protection, alloys and chemical inhibi- 
tors utilized will seen. 

exhibition producing oil wells 


will crude oil handling equipment, 
plastic coated storage tanks, flow lines, 
tubing and sucker rods. Chemical inhib- 
itors used will reviewed. 


Gasoline plants with their various 
corrosion problems will visited and 
obstacles involved injecting high pres- 
sure sour gas secondary recovery 
method exhibited. 


reported July Corrosion, tour 
information and registration forms are 
available from Moses, Registra- 
tions Chairman, 1961 Corrosion Tour, 
Box 2749, Odessa, Texas. 


Okla. Short Course 
Norman Set 
September 27-29 


The 1961 Corrosion Control Short 
Course the University Oklahoma, 
Norman, Okla., scheduled September 
27-29. Stressing practical aspects cor- 
rosion control for engineers and operat- 
ing personnel, this annual fundamentals 
course sponsored the university’s 
College Engineering and Extension 
Division and the Central Oklahoma 
Section NACE. 


the agenda are papers and panel 
discussions concerned with economics 
corrosion control, cathodic protection 
with impressed current anodes, applica- 
tion down-hole corrosion inhibitors, 
coatings for atmospheric protection, 
physical and chemical aspects inhib- 
itors and steels for high temperature 
service. 

Also scheduled are special sessions 
discuss corrosion problems oil pro- 
duction, pipelines, public utilities, refin- 
eries and plants and instrumentation for 
corrosion detection, measurement and 
control. 

The program, which will feature 
field demonstration test facility, 
held the Extension Study Center 
the North Campus. 

Registration forms and information 
housing for men campus and hotel 
accommodations for families are avail- 
able from Powers, Director, Busi- 
ness and Industrial Services, Extension 
Division, University Oklahoma, Nor- 
man, Okla. 

complete schedule the course 
will reported September CORRO- 
SION. 

Shreveport Section held barbecue June 
Cross Lake attended 108 people. 
Alamo Section scheduled Tipps, 
City Public Service Board, Speak 
July electrical components cor- 
resion. June the group heard 
talk biological acceleration corro- 

Company. 

Houston Section heard Norman Hack- 
erman June speak the First In- 
ternational Congress Metallic Cor- 
rosion held London, England, earlier 
this year. the August meeting the 
group will hear Riggs Conti- 
nental Oil Company, Ponca City, Okla., 
speak organic corrosion inhibitors. 


Vol. 


Houston Program 
(Continued From Page 55) 


Influence Magnesium Corrosion 
Resistance Galvanized Coatings 
Schrieber, Dow Chemical Company. 

Planning Offshore Platform Coat- 
ing Program Cofield, Conti- 
nental Oil Company. 

Oil and Gas Production Symposium 

Chairman, Caldwell, Humble Oil 
Refining Company. Co-Chairman, 
Simmons, Sun Oil Company. 

Corrosion Characteristics Gyp Mud 
Drilling Fluids Bundrant, 
Champion Chemicals, Inc. 

Cathodic Protection Surfaces 
Mobil Oil Company. 

Corrosion Control the East Texas 
Field Cato, Tidewater Oil 
Company. 

Simplified Caliper Survey Presentation 
Methods Pilkington, Conti- 
nental Oil Company. 

Utilities Symposium 

Chairman, Simmons, Houston 
Lighting Power Company. Co-Chair- 
man, Wahlquist, Southern Union 
Gas Company. 

Intake Screen and Condenser Water 
Box Protection With Lead-Silver An- 
odes Will French, Houston Light- 
ing and Power Company. 

Corrosion and Its Relation Tele- 
phone Protection Charles Wood- 
man, Southwestern Bell Telephone 
Company. 

Details Company Corrosion Con- 
trol Training and Organization Pro- 
gram Joe Shultz, Lone Star Gas 
Company. 

Taintor Gate Corrosion Protection 
Glyn Beesley, Dallas Power and 
Light Company. 


Special Focus 
Industrial Coatings 
September Issue 


The September issue will in- 
clude several technical articles 
the Technical Topics section 
special “Focus Industrial 
Coatings.” 

Articles included are 
listed below: 

Characteristics Trowelable 
Plastic Coatings for Corrosion 
Control, Cogshall and 
Allen Smith. 

Laboratory Development 
Corrosion Inhibiting Coatings 
for Mine Hoist Wire Rope, 
Dingley. 

Some Advantages Solvent- 
Free, Thick-Film Epoxy Coat- 
ings, Richard Fortener. 

Coating Systems for Steel 
250 1200 Gatewood 
Norman. 
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How cast 
stainless steel 
pump parts 


When pumps can kept the 
go, recovery chemicals highly 
corrosive plating and washing solu- 
tions much more profitable. 

And the pumps can kept going! 
midwest plant treating 
million gallons daily strong acids, 
cyanides, and alkaline wash solu- 
tions, about 150 type vertical 
pumps...most them automatic... 
have been pumping for better than 
two years. This with practically 
time out for maintenance. 

Done very simply 
Depending average the 
pumping jobs were classified into 
two groups. chromium silicon 
Nickel stainless steel was specified 
for impellers pumps handling the 
weaker corrosives. For the stronger 
corrosives, 26% Nickel stainless 


NACE NEWS 


METALLIC 


PROM TANKS 
10 


(Photo and information courtesy of Chemical Processing) 


make corrosive waste recovery more profitable 


steel containing chromium, molyb- 
denum, copper and silicon was used. 
And specified for both the impellers 
and the casings. 


About the alloys 


The Bour Company, Inc. Elk- 
hart, Indiana, produced the pumps 
and used its own alloys for the parts 
described. Both alloys have excel- 
lent corrosion and erosion resistance, 
excellent mechanical properties. 

Bour markets its Nickel 
stainless casting alloy under the 
name “149 Alloy*”. contains, 
addition the Nickel, 14% 
chromium and silicon. 

Bour designates its 26% 
Nickel alloy “Elcomet K*.” Be- 
sides Nickel, contains 20% chro- 
mium, molybdenum, cop- 
per and This particular 


combination elements gives Elco- 
met especially good resistance 
sulfuric acid and reducing chemi- 
cals and chlorides. and similar 
(ACI designation, CN-7M) stain- 
less steel casting alloys have out- 
standing record resistance 
metal cleaning and metal pleting 
solutions, 


Just out! New booklet! 


Would you like the latest corro- 
sion resistant castings? The alloys? 
Environment experience data? 
Physicals? Much more? Write for 
Inco’s new booklet, “Heat Resistant 
and Corrosion Resistant Castings”. 
Just off the press. 

*T.M.’s of the La Bour Company, Inc. 


The INTERNATIONAL NICKEL COMPANY, Inc. 


Wall Street New York 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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Region 


Complete Technical Program 


Set for Portland 


The complete technical program plus 
abstracts for the Western Region 
Conference Portland’s Benson Hotel 
October 4-6 has now been received. 

Twenty-nine papers and soil box 
demonstration are scheduled. Twenty- 
eight papers were reported the May 
issue Corrosion, Page 47, but several 
additions and changes have been made. 

Two field trips are planned for Friday 
afternoon, October one Bonneville 
Dam the Columbia River, the other 
the Crown Zellerbach Corporation’s 
paper processing plant Camas, Wash- 
ington. 

The complete program, including 
dates, times and meeting rooms, given 
below. Although abstracts were not 
available for all papers, the sent 
are included herein. 


Wednesday, October 
Symposium Corrosion Principles, 
9:30 pm, Crystal Ball Room 

Chairman, Shogren North- 
west Natural Gas Company. 


Theories and Factors Filiform Corrosion 

Slabaugh Oregon State University. 
Theories and experimental data on_filiform cor- 
rosion are reviewed. Structures of several or- 


with Good Service 


Tapes 


Tar-Clad 


GOOD SERVICE... 


Conference 


ganic coating films analyzed by adsorption 
isotherms, from. which pore volume. distribu- 
tions are determined, are correlated with actual 
performance. 


Corrosion Aqua Ammonia Tanks 


Dvoracek and Neff Union Oil 
Company, 
The interpretation of polarization curves ob- 


tained with steel electrodes exposed to different 
environments indicates oxygen is the major 
factor in corrosion of steel by aqueous ammonia 
solutions. Anodic polarization curves reveal pas- 
sivation carbon steel both oxygen-contain- 
ing and oxygen-depleted ammonia solutions. 
Laboratory data indicate that anodic ca- 
thodic protection will control this corrosion. 


Soil Box Demonstration by M. C. Miller of 
Ebasco Services, Inc, 

Principles of corrosion will be demonstrated 

with different materials in a soilbox. Measure- 

ment potentials and current flowing between 

materials well principles and application 

cathodic protection will demonstrated. 


Symposium Corrosion Resistance 
and Application New Materials, 
pm, Crystal Ball Room 


Steel Company. 


Compatibility Aluminum With_ Alkaline 
Building Materials Robert Brooks 
Kaiser Aluminum & Chemical Sales, Inc. 

Summarizes high corrosion resistance of various 

aluminum alloys contact with alkaline build- 

ing materials. serious corrosion occurs ex- 


SPECIFICATION 


LINE 
MATERIALS 


Competitive Prices 


Asbestos Felt and Rock Shield 


Glass Pipeline Wraps 
Mfd. Owens-Corning Fiberglas Corp. 


Kraft Wraps 


Casing Seals 
Irish Pipe Line Supply Co. 


Alpon Internal Pipe Coating 
(Epoxy Coating) 


(Coal Tar Epoxy Coating) 


Supply 


ALLIED PAINT DIVISION 
PORTER COMPANY, INC. 


ROCKEFELLER PLAZA 


AINSLIE PERRAULT 


NEW YORK 20, 


TULSA, OKLA., LUther 7-0101 
PLaza 7-8265 


MALCOM 


cept when direct current passes through alumi- 
num in presence of a strong electrolyte. 


Influence Microstructure Corrosion 
Several Alloy Systems Aqueous Media 
Walter Boyd and Hall Batelle 
Memorial Institute. 

Covers stainless steels, nickel alloys, zirconium 

and titanium alloys. 

effects on corrosion behavior when alloying 
additions that alter microstructure are made. 


Which Thermoplastic Piping Material for Your 
Corrosion Problem? Dave Baird III 
Tube Turns Plastics, Inc. 

Advantages and limitations various thermo- 
plastic piping materials are discussed, including 
mechanical and _ chemical properties. Joining 
methods, transition to other materials, com- 
pensation for expansion and support and anchor- 
ing are covered. 


Corrosion Resistance and Mechanical 


Union Carbide Metals Company and 
Powell Titanium Metals Company 
America. 

Tantalum alloys containing to 50% titanium 


retain much of the superlative corrosion resist- 
ance of tantalum. Contacting or alloying tan- 
talum-titanium materials with metals 
greatly decreases hydrogen embrittlement. The 
alloys are amenable hot and cold work. Max- 
imum ductility obtained after heat treatment 


Symposium Fresh Water Corrosion, 
pm, Kent Room 

Chairman, Baynham Far- 
western Equipment Chemicals. 


Cooling Water System Corrosion 

Loucks of Shell Oil Company. 
Shell Oil’s Anacortes refinery cooling water sys- 
tem will be described. Effects of water compo- 
sition on corrosion and fouling, including initial 
iron deposition problems, will be noted. Water 
treatment, including experiences with polyphos- 
phates and effects various additives will 
explained. Methods of cleaning and procedures 
for pretreatment new bundles will ex- 
plained. 


Corrosion Boiler and Steam Systems 

F. Wilkes, Dearborn Chemical Company. 
Describes boiler corrosion failures traceable to 
steam blanketing, concentrating caustic films, 
attack under porous adherent deposits and hy- 
drogen embrittlement. Relationships between 
boiler attack and pre-boiler or condensate cor- 
rosion will considered well 
roles played copper deposits. 


Corrosion High Purity Water Ronald 

Weed General Electric Company. 
Covers method evaluating decontaminants for 
decontaminating nuclear reactors. 
cludes corrosion samples, contaminated samples 
and sample preparation and also types of tests 
conducted for process evaluation. Approval re- 
quirements are discussed. 


Corrosiveness Mill Fresh Water 
Deery Weyerhaeuser Timber Company. 


Thursday, October 


Symposium Cathodic Protection 
Practice, 12:30 pm, Crystal Ball 


Room 
Chairman, Silkworth Paso 


Natural Gas Company. 


Role Current Distribution Cathodic Pro- 
tection Robert Meredith Oregon 
State University. 

Primary consideration in designin cathodic 
protection circuits and devices is the current 
distribution pattern that arises in neighborhood 
cathode determine all areas are receiv- 
ing adequate compensation for local corrosion 
rates. Although evaluation current distribution 
may difficult impossible, approximations 
result in a fair degree of accuracy. 


Cathodic Protection Practices by Harry Brough 
Mountain Fuel Supply 


Corrosion Testing Instruments Miller 
of Ebasco Services, Inc. 

Discusses types of meters used, basic purposes 

and how to use them and includes demonstra- 

tions on several meters. Also covers method of 

transportation. 


Symposium Corrosion Building 
and Related Equipment, 
1:45 4:45 pm, Crystal Ball Room 
Chairman, Tai Funatake Bruce 
Morrison Consulting Engineers. 
Metallurgical analyses of Failures by Corro- 


sion Harry Honegger Metallurgical En- 
gineers, Inc. 


Corrosion Prevention by Mechanical Design by 
D. B. Gardner of Bell & Gossett Company. 


(Continued Page 59) 
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Corrosion Interior Fuel Tanks Mark 
Adams Washington State University. 


Corrosion Problems of Aluminum in Building 
Industry by D. Guy of Alcoa Company. 


Symposium Marine Corrosion and 
Protective Coatings, 1:45 4:45 
pm, Kent Room 

Chairman, Norton Norton 
Consulting Engineers. 


Corrosion Testing of Hydrofoil Materials by 
May and Williams The In- 
ternational Nickel Company. 


Experiences With Copper and its Alloys on and 
in Ships by J. A. H. Carson of Pacific Naval 
Laboratory. 


Impressed Current Cathodic Protection Using 
Zinc Anodes Bradely Jacobs Lock- 
heed Aircraft Service. 


Influence of Coating on Design of_ Structures 
by C. G. Munger of Amercoat Corporation. 


Friday, October 


Symposium Utilities, 9:30 
12:30 pm, Kent Room 

Chairman, Henry Messenger Pa- 
cific Telephone Northwest. 


A New Look at Materials for Electrical 
Grounding by C. M. Schillmoller and W. K. 
Abbott of The International Nickel Company. 

Covers problems associated with present prac- 
tice of selecting galvanically incompatible ma- 
terials electrical grounding systems. two 
known solutions to the problem, the use of 
compatible materials more eco- 
nomical than cathodic protection. Survey 
suitable alloys given along with previously 
developed data underground corrosion and 
galvanic polarization, indicating that austenitic 
irons and austenitic stainless steels are most 
promising materials. 


Earth Resistivity Various Depths Con- 
nection With Deep Anode Design David 
Jones Pacific Telephone and Telegraph 
Company. 


Earth Resistivity Measurements for Grounding 
Grids Allen Kinyon Bonneville 
Power Administration. 


Coal Tar Coatings by W. G. Handy of Reilly 
Tar & Chemical Corporation. 

Reviews history, properties, application pro- 

cedures and service records of coal tar enamels 

in corrosion service. 


Symposium Corrosion the Pulp 
and Paper Industry, 9:30 12:30 


pm, Crystal Ball Room 
Chairman, Bergman Northwest 
Natural Gas Company. 


Corrosion Problems Encountered in Kraft Pulp 
Company. 

Discusses chlorium mixer, type lining used 
and frequency recoating together with caustic 
embrittlement of storage tanks. Also covers 
handling of witches brew consisting of 28 per- 
cent sulphuric acid, 25 percent sodium sulphate 
acid, some sodium chlorate, chlorine and chlo- 
rine dioxide plus water. 


Corrosion Studies Groundwood Mill Hy- 
drosulfite Bleaching System Alan Ros- 
enfeld Crown Zellerbach Corporation. 

Studies cover electrical resistance method used 
measure corrosion rate white waters from 
paper machines making paper 
washed hydrosulfite bleached groundwood. Reli- 
able corosion rates were obtained in 48 to 70 
hours by passing white waters through con- 
tainers phosphor bronze probes and 
aerating solutions to simulate flow of white 
water through a paper machine wire. Data in- 
dicated that hydrosulfite bleached groundwood 
would not have washed prior entering 
paper machine system. 


Kraft Mill Corrosion Problems Robert 

Little of Crown Zellerbach Corporation. 
Kraft mill corrosion problems include blow line 
elbow wear, stress corrosion at digester nozzle 
inserts and lime mud filter vat corrosion. Paper 
and corrective action taken 
the Camas Division Crown Zellerbach 
Corporation. 


Bio-Chemical Corrosion on_ 
Wires by D. L. Shinn of Crown Zellerbach 
Corporation. 
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matter how you figure it—in 
terms replacement costs, treat- 
ment costs higher production— 
Hagan can save you money keep- 
ing cooling and service water sys- 
tems top efficiency. Complete 
treatment recommendations, based 
experience with water problems 
every kind industry, are backed 
continuing service after treat- 
ment started. Hagan’s methods 
have achieved these results: 


LOWER CHEMICAL most 
systems, treatment more effective. 
This means that smaller amounts 
chemicals can used. 


LOWER WATER COSTS: With more 
effective treatment, frequently 
possible maintain higher solid 


COSTS 
LOWERED 


concentrations cooling water. 
This means less makeup water, and 


consequent savings overall water 
costs. 


BETTER RESULTS: many plants, 
Hagan methods have reduced corro- 
sion rates mil per year less. 
the same time, troublesome de- 
posits were eliminated, increasing 
equipment efficiency, and overall 
chemical costs were lowered. 


letter phone call will put Hagan 
Engineers work your particular 
water problem. 


CHEMICALS CONTROLS, INC. 
HAGAN CENTER, PITTSBURGH 30, 


HAGAN DIVISIONS: CALGON CO., HALL LABORATORIES, BRUNER CORP. 
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Full information about protection for pipe-type cable systems, 
and the advantages offered use highly congested areas, 
available from the Price Co. office plant nearest you. 


pipe 


CONTRACTORS 


HOME OFFICE: Price Tower Bartlesville, 

CABLE ADDRESS: HCPCO 

GULF COAST PLANT: Box 263 Harvey, Louisiana 

EAST COAST PLANT: Box 6120, Bustleton Philadelphia 15, Pennsylvania 
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August, 1961 


Southeast Region 


Twenty Papers 
Now Scheduled 
For Miami Meet 


Twenty papers, soil box demonstra- 
tion and sunshine are scheduled for the 
Southeast Region Conference, being 
held conjanction with the Florida 
General Conference, Miami’s Key 
Hotel November 27-Decem- 
ber 


papers already published 
for the conference and five new papers 
sent this month. Daniel Gelfer’s 
Some Present and Future Aspects 
Inorganic Coatings will replace Inor- 
ganic Protective Coatings 
Munger, according Program Chair- 
man Seay, Jr. 

Years Cooperation—The Louis- 
ville Joint Electrolysis Committee 
Stuart Gates. 

Soil Box Demonstration 
Miller. 


Stress Corrosion Cast Aluminum 

Stress Corrosion Aluminum-Mag- 
nesium Alloys Lee Craig. 


Armco 17-7 High Strength Stain- 
less Steel Halbig. 


Cathodic Protection Bridge Strand 
Sea Water Jane Rigo. 


Coatings and Sealants for Fuel Stor- 
age Tanks Allen Alexander. 


Mitigative Measures Applied Un- 
derground Lead Sheathed Cables and 
Associated Hardware Albert 
Ayres. 

The Corrosion Engineer’s Choice 
Plastics Otto Fenner. 


Sea Water Conversion Processes 
Gilliam. 


Coating Structural Steel Before Erec- 


Corrosion Steel Influenced 
Its Composition and Environment 
Larrabee. 


Effect Cathodic Protection Cor- 
rosion Fatigue Steel Sea Water 
Nichols. 

Austenitic Nickel Cast-Iron Petro- 
May and Abbott. 

Cathodic Protection—Continuous 
Measurement and Automatic Control 
Sudrabin. 

Effect Cathodic Protection Cor- 
rosion Fatigue Ship Plate Salt 

Coatings Tests Key West Aque- 

Role Grounding Cells and Similar 
Devices Effective Cathodic Protection 
Lead Sheathed Power 
Substation Exit Systems Sidney 
Trouard and Martin Maier. Louis 
Scheppegrell will present this paper. 

Effect Some Trace Elements 
Stress Corrosion Cracking Stainless 
Steel Mrs. Frances Lang. 

Alblation Mechanisms (tentative title) 
Turner. 

Some Present and Future Aspects 
Inorganic Coatings Daniel Gelfer. 
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Weekly Oil Abstracts 


Abstracts oil production and ex- 
ploration literature from over 500 jour- 
nals and patent abstracts from sources 
are being offered the Information 
Services Department the University 
Tulsa, 1136 Lewis Ave., Tulsa 10, 
Okla. The abstracts are published 
weekly format which permits their 
being cut apart into inch slips for 
accumulative filing. The abstracts also 
are provided cards additional 
charge for sets cards each 
abstract. 

Subjects headings are geology, geo- 
chemistry, geophysics, drilling, well 


logging, well completion servicing, 
production oil and gas, reservoir studies 
and supplementary technology. There also 
numerical classification system. 

The weekly bulletin will contain from 
thousand literature items and 
1500 2000 patents. 

Sources the abstracts include set 
abstract cards from Standard Oil 
Company Indiana covering much 
the petroleum literature the last 
years, among others. 

Cost the subscription the serv- 
ice based scale related com- 
pany assets. set abstract cards 


costs $2000 year. 


The 1963 Annual NACE Conference will 
held Convention Hall, 
City, 


Atlantic 


STOP WELL CASING CORROSION 


New “constant current” rectifiers were used stop casing corro- 
sion wells West Texas recently. The wells are owned 
major oil company and are Borden County. 

Several casing leaks had already occurred the field. The 
operator felt that protection was necessary. 

CSI engineers installed rectifiers provide the electrical current 
which projected onto the casing stop external corrosion. CSI 
furnished the rectifiers and all the other necessary materials, labor 
and installation equipment—augers, ditchers, etc. Cost was only about 


$300 $350 per well. 


The rectifiers used are recently developed kind that, for all 
practical purposes, deliver constant current despite heavy rains 
extended dry periods. They compensate automatically for changes 
circuit resistance caused variations the moisture content the 


soil. 


CSI expert and experienced engineers are your key the best 
cathodic protection for wells, transmission and distribution pipe lines, 
tanks, etc. Call write today for engineering and installation services, 
and for quality supplies for both magnesium anode and rectifier 


installations. Prices are competitive. 


CORROSION SERVICES 


Cleveland 13, Ohio 
1309 Washington Ave. 
Tel. CHerry 1-7795 


INCORPORATED 


General Office: Tulsa, Okla. 


Mailing Address: 


Box 787, Sand Springs, Okla. 


Tel. Circle 5-1351 
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Scheduled Date 


For New York Meet 


Twenty-nine titles have been received 
Northeast Region Conference October 
30-November Eight symposia and 
educational lecture series are scheduled 
for the technical program held 
the Statler Hilton Hotel, New York 
City. Plant tours also are planned. 

Complete schedule the conference 
all papers have been scheduled and ar- 
rangements completed. Symposia, dates 
and times were given July 
Page 57. The papers and authors are: 


Symposium Power Generation and 
Transmission 

Corrosion Protection Power Plants 
cal Company. 

Pipe Type Cable Corrosion Practices 
Howell Public Service Elec- 
tric Gas Company. 

Corrosion Survey Techniques Un- 
derground Pipelines Peabody 
Ebasco Services, Inc. 

Aluminum Pipelines Carlisle, 
Jr., Aluminum Company America. 


RESISTIVITY 
Anode Resistance 
Insulated Coupling Flange Resistance 
Circuit Resistance 
Polarized Effect before and 
cathodic protection 


with the ELECTRO- GROUND 


This direct-reading 
instrument measures 
earth resistivity and 
electrical characteristics. 
Self-contained electronic 
power supply eliminates 
cranking. Models 
available measure 
from .05 ohm 10,000 
ohms. 


Model 263A ELECTRO-GROUND... 


Four ranges: 0-1, 10, 100 and 1000 ohms. 
Complete, fob Chicago only $152.50 


Model 293 


ranges: 0-1, 10, 100, 1000, 
$247.50 


100,000 


Write for 
New Manual N-71 

containing complete 
data 


Educational Lectures 
Cathodic Protection Sudrabin 
Electro Rust-Proofing Corporation. 
Anodic Protection Walter Muel- 
ler Pulp Paper Research Institute 
Canada. 


Symposium Saline Water Conversion 
Corrosion Evaluation Tests Dem- 
Corrosion Control Cuts Conversion 
Costs Fink Battelle Me- 
morial Institute. 


Symposium Plastics 

Reinforced Plastic Equipment for 
Process Industry Arndt Heil 
Process Company. 

New Piping Materials for High Tem- 
perature Corrosion Robert Crouch 
Johns Manville Products Corporation. 

Flammability Testing Reinforced 
Polyester Equipment Seymour 
Feuer and Alan Torres Atlas 
Chemical Industries. 

Delrin Acetal Resin Pipe 
Company. 


Symposium Heat Exchangers 

Cooling Water Corrosion 
Refinery Heat Exchangers 
3ird and Moore Tidewater 
Oil Company. 

Process-Side Corrosion Problems— 
Heat Exchangers Chemical Process 
Oliver Siebert Monsanto 
Chemical Company. 

Corrosion and Scale Deposition 
Heat Transfer Surfaces Herman 
Kerst Dearborn Chemical Company. 


Symposium New Metals 

Laboratory Corrosion Tests Co- 
Pont Nemours Company. 

Titanium Corrosion Warm, Moist 
Chlorine Gas Weiman Ti- 
tanium Metals Corporation. 

Corrosion Beryllium Metal John 
Steele The Beryllium Corporation. 

Application Zirconium Chemical 
Plant Service John Schemel 
The Carborundum Metals Company. 


Symposium Protective Coatings 

Corrosion Through Pores Protec- 
tive Coatings LaQue The 
International Nickel Company. 

Urethane Coatings for Corrosive Ex- 
posure Edward Wells Mobay 
Chemicals Company. 

Maintenance Coast Guard Aids 
Navigation System Klingen- 
smith Coast Guard. 


Symposium Protective Linings 

Problems Confronting Manufacturers 
Protective Linings and Coatings 
Karl Vogelsang Gates Engineer- 
ing Company. 

Surface Preparation and Tank Lining 
Nemeses Otto Fenner Mon- 
santo Chemical Company. 

What Are Your Specifications Costing 
You Kenneth LeFevre Metal- 
weld, Inc. 


Symposium Evaluation Tools 

Industrial Radiography Charles 
Company. 


Vol. 


Importance Basic Inspection Meth- 
ods John Abramchuk Atlantic 
Refining Company. 

Modern Methods Nondestructive 
Testing With Magnetic Particles and 
Fluid Penetrants Henry Bogart 
Magnaflux Corporation. 

Ultrasonic Methods Inspection 
John Bobbin Branson Instruments, 
Inc. 


North Central 


Conference Will Meet 
St. Louis Oct. 9-11 


reminder, the North Central Re- 
gion Conference October 9-11 the 
Chase Park Plaza Hotel, St. Louis, Mo. 


Chairman the technical program 

Whitney, Jr., Monsanto Chem- 
ical Company, St. Louis, Mo. Co-Chair- 
man Meyer St. Louis 
Metallizing Company, St. Louis, Mo. 


Technical program, published May 
Corrosion, Pages 50-51, composed 
the following symposia: Protective 
Coatings—Inorganic, Utilities, High 
Temperature Metals, Brewing Industry, 
Petroleum Refining Industry, Transpor- 
tation Industry, Non-Metallics, Protec- 
tive Coatings—Organic, 
Process Industry, and Sheet Linings. 


Pictures conference committee 
Chairmen, symposia chairmen and local 
section officers arranging the conference 


Review Subcommittee 
Vice Chairman Named 


Norbert Greene, Jr., winner 
1959 Young Author Award, 
the new Vice Chairman the Edi- 
torial Review Subcommittee Corro- 


SION. 


Mr. Greene 
member the De- 
partment Metal- 
lurgical Engineering, 
Rensselaer Polytech- 
nic Institute, Troy, 
Formerly 
was associated with 
the Metals Research 
Electro Metallurgical 
Company, Union 
Carbide Corporation, 
Niagara Falls, 
Greene joined Electro- 


met after receiving his PhD metal- 
lurgical engineering from Ohio State 
NACE, ASM and the Electrochemical 
Society. 


The 1961 South Central Region Confer- 
ence and Exhibition will held October 
24-26 the Shamrock-Hilton Hotel, 
Houston, Texas. 


The 1963 Annual NACE Conference will 
held Convention Hall, Atlantic 
City, 
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thorough background experience extremely important 
pipeline jobs, and Koppers Serviceman DeRouen has plenty 
it,” says Mr. Eubanks, Spread Inspector for Ford, 
ng, Davis, the engineering firm that designed and super- 


ch- the installation Old Ocean Fuel Company’s 24-inch gas 

oy, line Ft. Worth and Graham. 

“Francis DeRouen’s years experience with protective 

rch coatings helped solve some knotty application problems 
this job,” Mr. Eubanks continued. helped get the maxi- 

mum corrosion protection with Bitumastic enamels the really 

parts the line, where heavy, wet gumbo places severe 
on, the pipe. appreciated his services and our coating 
foreman profited from his advice.” 

The line was cleaned first with Bitumastic Primer Solution. 


KOPPERS 
KOPPERS BITUMASTIC 


vill COATINGS AND ENAMELS 


tic another fine product COAL TAR 


Francis DeRouen (left), Koppers Serviceman, and 
Eubanks, Inspector for Ford, Bacon Davis, Monroe, 
Louisiana, watch test finished coating job. 


Enamels and Koppers service 
lick our tough protection problems 


This was followed with hot-applied coating Bitumastic No. 
70-B Enamel, temperature 400 degrees Next glass 
reinforced wrap was applied extra protective precaution. 
Finally loose wrap kraft covered with tar-saturated No. 
felt was placed around the pipe loose sleeve protect the 
coated pipe from soil stress. 

Koppers Serviceman can help you solve your corrosion 
protection problems with Bitumastic coatings. For more infor- 
mation Koppers servicemen and the Bitumastic coating line, 
mail the coupon write: Koppers Company, Inc., Tar Prod- 
ucts Division, Pittsburgh 19, Pa. District Offices: Chicago, Los 
Angeles, Pittsburgh, New York, Woodward, Ala., and Houston, 
Texas (Mavor-Kelly Co.). Canada: Koppers Products, Ltd., 
Toronto, Ontario. 


Koppers Company, Inc., Tar Products Division, 
Pittsburgh 19, Pa. 


Gentlemen: 
would like copy your booklet pipeline coatings, Long 
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ASSOCIATION CORROSION ENGINEERS 


Canadian 


Region 


REPORT THE NOMINATING COMMITTEE 
CANADIAN REGIONAL DIVISION, NACE 


in accordance with the Canadian Regional Di- 
Rules and By-Laws, the Nominating 
Committee has _ selected qualified candidates for 
each elective office for the year 1962 except for 
the Regional Director who will serve a three- 
year term, March, 1962—March, 1965. Each 
candidate has_ signified willingness to accept 
nomination and to serve if elected. 
Nominations for each of the Regional officers 
and Regional Director may be proposed by 
members by written request submitted to the 
Regional Director not later than October 1. 
Such requests shall be signed by at least 15 
members of the Regional Division and shall be 
accompanied by a statement signed by the 
candidate that he is willing to accept nomina- 
tion and to serve if elected. Such request must 
be accompanied by a_ brief biographical sketch 
of the proposed candidate covering his educa- 
tional, professional and_ organizational back- 
ground and activity. Each such proposed nomi- 
nation shall be examined by the Nominating 
Committee and unless found ineligible the can- 
didate’s name shall be placed in nomination. 


Ballots for electing officers will be mailed to 
all members of the Canadian Regional Division 
not later than November 15. 

The slate selected by the Nominating Com- 
mittee is: 


1962 Nomination Slate 

REGIONAL DIRECTOR: Hewes, Ed- 

monton 

Graduate of University of Toronto, 1944, 
B.A. Sc. Chemical Engineering. Research En- 
gineer for Rubberset Company Ltd. from 1946- 
1948. Sales Engineer for Victaulic Company 
Canada, Ltd. from 1949-1951. Managing Direc- 
tor, Canadian Protective Coating Ltd., 1951 to 
present. Has been very active NACE for 
many years. has held all the Sectional 
Offices and was chairman the Canadian Re- 
gion in 1957-1958. 


CHAIRMAN: W. H. Seager, Edmonton 
Graduated in electrical engineering, Univer- 
sity of Alberta, 1949. Presently senior engineer 
with Interprovincial Pipe Line Company on 
corrosion control. Served Edmonton Section in 
various offices including Chairman 1958. Pres- 
ently Membership Chairman, Canadian Region. 


VICE CHAIRMAN: Webster, Toronto 

Graduated in electrical enginecring, Univer- 
sity of Toronto, Chief Engineer and General 
Manager of Corrosion Service Ltd. Has_ held 
many positions in NACE on executive of To- 
ronto Section, including Chairman 1957-1958. 
Member of sub-committee on Cable Sheath 
Corrosion of the Canadian Electric Association, 
the Sea Horse Institute and the Association 
Professional Engineers Ontario, currently 
secretary-treasurer Canadian Region. 

algary 

Born in Scotland, and educated there and in 
Seam Africa. Graduated from the University of 
Glasgow with a B. Sc. (Mech. Eng.) 1953 and 
joined Imperial Oil Limited in Calgary in 
1954. In charge of the Corrosion Laboratory in 
the Production Research and Technical Service 
Department, engaged in investigation of petro- 
member since 1954; founder member and past 
Chairman the Calgary Section. Member 
the Society for Non-Destructive Testing and a 
registered Professional Engineer (Alberta). 


MEMBERSHIP CHAIRMAN: Bennett, 

Toronto 

Following his education Toronto Univer- 
sity in the early ’30’s he taught school for a 
short time before entering the oil industry in 
1934. Since that time he has had experience in 
Canada, Trinidad and the United States. 
1952 he rejoined the British American Oil Com- 
pany as Head Metals Engineer, the position 
which he presently occupies. He is a counsel 
of the Ontario Chapter of the American Society 
for Metals always taken active part 
in NACE activities, having given several 
papers on corrosion, 


Turn Page for news about new NACE 


publications issued 1962. 


Prevent Weather 


HEAT-PROOF 
COATING 


and Salt Spray 


Corrosion! 


MARKAL provide metals 


permanent against corrosive weather condi- 
tions, salt sprays, sulfur fumes from burning coal, water 
steam, hot acids, mild alkalis other corrosive condi- 
tions ambient temperatures 600°. 

You can use wide range industrial ap- 
plications from food and dairy plants foundries, 


Write company letterhead 
for complete information, 
erature and recommendations. 

sprayed. 


MARKAL 


3051 West Carroll Ave. 


COMPANY 


sewage plants and ore sintering plants, where adheres 
all metals (even galvanized without acid treatment). 
Markal easy use, can brushed 


MARK QUALITY 


Chicago 12, Illinois 


See us at the AWS Welding Show—Booth 625. 


TECHNICAL 
REPORTS 


REFINING INDUSTRY 
CORROSION 


High-Temperature Hydrogen Sulfide 

Corrosion of Stainless Steel-—A Con- 
tribution the Work NACE Tech, Group 
Committee T-8 Refinery Industry Corro- 
sion, by E. B. Backensto, R. E. Drew, J. E. 
5 Aaa J. W. Sjoberg. Pub. 58-3, Per Copy 


T-8 Compilation and Correlation High 

Temperature Catalytic Reformer 
Corrosion Data—A Contribution the Work 
NACE Tech. Group Committee 
Sorell. Pub. 58-2, Per Copy $3.0 


T-5B-2 Effect Sulfide Scales 
Reforming and Cracking Units. Part 
1—Metallographic Examination Samples 
From a Catalytic Reforming Unit. Part 2— 
Intergranular Corrosion of 18-8 Cr-Ni Steel 
Scale. Contribution the Work NACE 
Task Group T-5B-2 Corrosion 
High Pressures and Temperatures 
Petroleum Industry. Per Copy 


T-5B-2 Collection and Correlation High 

Temperature Hydrogen Sulfide Cor- 
rosion Data—A contribution the Work 
NACE Task Group T-5B-2 on Sulfide Corro- 
sion at High Temperatures and Pressures in 
the Petroleum Industry: From Kellogg 
Co., New York by G. Sorell and W. B. Hoyt. 

Pub. 56-7. Per Copy $5.50. 


ae High Temperature Hydrogen Sulfide 
Corrosion in Thermofor Catalytic 
Reformers—A Contribution to the Work of 
NACE Task Group T-5B-2 on Sulfide Corro- 
sion at High Temperatures and Pressures in 
the Petroleum Industry; From Socony Mobil 
Oil Co., Inc., Res. & Dev. Lab., Paulsboro, 
N. J, by E. B. Backensto, R. D. Drew, R. W. 
Manuel and Sjoberg, Pub. 56-8. Per 
Copy $2.50 
T-5B-2 Effect of Hot Hydrogen Sulfide En- 
vironments on Various Metals—A 
Contribution to the Work of NACE Task 
Group T-5B-2 on Sulfide Corrosion at High 
Temperatures and Pressures in the Petroleum 
Industry: From Sinclair Res. Lab. Inc. Harvey, 
Pub. 57-2. Per Copy $3.00. 


T-5B-2 High Temperature Sulfide Corrosion 

in Catalytic Reforming of Light 
Naphthas—A Contribution to the Work of 
NACE Task Group T-58-2 Sulfide Corro- 
sion at High Temperatures and Pressures in 
the Petroleum —rs From Humble Oil & 
Ref. Co., Baytown, Texas. Pub, 57-3. Per 
Copy $1.50. 


T-8 Rate Curves for High 

Temperature Hydrogen-Hydrogen Sul- 
NACE Tech. Group Committee T-8, by E. B 
Backensto and J. W. Sjoberg. Pub. 59-10. 
Per Copy $1.50. 


T-8 Minimum Corrosion for Butane Iso- 

merization Units. A Contribution to 
the Work NACE Group Committee T-8 
Mason, Jr. and C. M. Schillmoller. Pub. 
59-11. Per Copy $1.50. 


T-8 Corrosion Refinery Equipment 
tribution the Group Committee 
T-8 Refining Industry Corrosion 
Pub. 59-12. Per Copy 


T-8A Precautionary Procedures 

cal Cleaning. A Contribution to 
the Work NACE Tech. Unit 
T-8A Chemical Cleaning, Robert 
Stander. Pub. 59-1. Per Copy 


T-8A Chloride Stress Corrosion 

the Austenitic Stainless Steels— 
A Contribution to the Work of NACE Task 
Group T-8A Chemical Cleaning, 
Engle, Floyd and Rosene. Pub. 
59-5. Per Copy $1.50. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65¢ per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 


NATIONAL ASSOCIATION 


CORROSION ENGINEERS 


— 
in 


NACE 


NEWS 


SARAN LINED PIPE carries 50,000,000 gallons 
hot solution—no failure after years! 


After seven years constant carrying 100° dilute 
sulphuric acid 600-foot pipeline 6-inch Saran Lined 
Pipe still original condition, without single failure 
replacement. The line carries sulphuric solution 
from pickling lines disposal units United States Steel 
Corporation’s Fairless Works, Morrisville, Pa. 


“Our Saran Lined Pipe has carried over 50,000,000 gallons 
dilute sulphuric seven says Mr. Fritz, 
General Foreman. feet this 6-inch line are 
inside wall, supported vertical pipe hangers. The remain- 
ing 200 feet are underground. haven’t had replace 
single foot since the plant began 


Saran Lined Pipe and fittings give double protection for 
processing operations saran lining provides high resist- 
ance corrosion, and the tough steel casing has great 
strength and rigidity. Saran Lined Pipe requires minimum 
support, even for long horizontal runs, reducing instal- 
lation time and costs. 


Saran Lined Pipe, fittings, valves and pumps are available 
for systems operating from vacuum 300 psi, from below 
zero 200° They can cut, fitted and modified easily 
the field without special equipment. For more informa- 
tion, write Saran Lined Pipe Company, 2415 Burdette 
Avenue, Ferndale, Michigan, Dept. 1562AU8. 


THE DOW CHEMICAL COMPANY 
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ASSOCIATION 


OFFICERS for the 1962 Appalachian Underground Corrosion Short Course are, left 

right, Operations Chairman West, Exhibits Chairman Campbell, Program 

Chairman Beggs, General Chairman Benson, Registration Chairman and Secre- 

tary Hanna, Jr., and Publicity Chairman Cook, Jr. Publications Chairman 
Radford not shown. 


Officers Named for 
1962 Appalachian 
Short Course 


Officers for the 1962 Appalachian Un- 
derground Corrosion Short Course are 
General Chairman Benson 
New York Telephone Company, Pro- 
gram Chairman Beggs Public 
Service Electric and Gas Company, 
Exhibits Chairman Campbell 
West Virginia University, Operations 
Chairman West The Standard 
Oil Company (Ohio), Publications 
Chairman Radford Cabot Cor- 


Coatings 
for 


Advanced Projects 


TILE-COTE 


Enveloping critical surfaces with 
inert, ceramic-like, virtually imper- 
vious film, TILE-COTE guards them 
durably and dependably against cor- 
rosive elements. The TILE-COTE for- 
mulation, available broad selec- 
tion permanent colors, uniquely 
provides the same high epoxy resin 
solids each brilliant shade. 


Temperature Range retains film 
integrity from 250°F. 


Dielectric Constant 
Film Deposit 1.6 mils per sin- 
gle application. 


Adhesion excellent most known 
surfaces. 


Write for Bulletin P-52 for full specifica- 
tion and color standards. 


THE WILBUR WILLIAMS INC. 
7? j 752 Pleasant St., Norwood, Mass. 
CREATORS ADVANCED COATINGS FOR INDUSTRY 


poration, Publicity Chairman 
Cook, Jr., Pipe Line Service Corpo- 
ration and Registration Chairman and 
Secretary Hanna, Jr., West 
Virginia University. 

the General Committee meeting 
Morgantown, Va., June Pub- 
lications Chairman Fred Radford ‘stated 
that the 1961 papers for publication 
would reviewed June 22, Exhibits 
Chairman Campbell reported there 
were exhibits the 1961 Short 
Course. The following new exhibitors 
have been approved: Aluminum Com- 
pany America, Cathodic Protection 
Service, Owens-Corning Fiberglas Cor- 
poration, Republic Steel Corporation, 
Russell Clark Company and The 
Sprague Meter Company. 


The next meeting the committee 
scheduled for December Pitts- 
burgh. 


Questions and Answers 
Industrial Coatings 


special questions and an- 
swers article problems con- 
cerning industrial coatings will 
published the September 
issue conjunction with the 
Focus Industrial Coatings. 


Conducted NACE Techni- 
cal Committee T-6D Indus- 
trial Maintenance Painting, the 
question and answer feature will 
called Coating Clinic.” 
The September article will 
clude answers questions 
heat sensitive paints, water 
blasting, airless spray and 
equipment height versus coating 
failures. 


CORROSION ENGINEERS 


SHORT 


1961 


Oct. 4-6—Western Region Conference, 
Benson Hotel, Portland, Oregon. 

Oct. 9-11—North Central Region Con- 
ference, St. Louis, Chase Park Plaza 
Hotel. 

Oct. 24-26—South Central Region Con- 
ference and Exhibition, Shamrock- 
Hilton Hotel, Houston. 

Oct. 30-Nov. 2—Northeast Region Con- 
ference, New York City, Hotel Statler. 

Nov. 27-Dec. 1—Southeast Region Con- 
ference and Florida General Confer- 
ence Short Course, Key Biscayne 
Hotel, Miami, Fla. 

Nov. 29-30—NACE Board Directors 
Meeting, Key Biscayne Hotel, Miami, 
Fla. 


1962 

January 17-19—Canadian Region 
ern Division Conference, King Ed- 
ward Hotel, Toronto, Ontario. 

March Board Directors 
Meeting, Muehlebach Hotel, Kansas 
City, Mo. 

March 19-23—18th Annual Conference 
and 1962 Corrosion Show, Kansas 
City, Missouri, Municipal Auditorium. 

March 23—NACE Board Directors 
Meeting, Muehlebach Hotel, Kansas 
City, Mo. 

Northeast Region Confer- 
ence, Hotel Ten Eyck, 
bany, 

October 9-11—North Central Region 
Conference. 

October 11-12—Southeast Region Con- 
ference, Birmingham, Ala. 


October 16-19—South Central Region 
Conference and Exhibition, Granada 
Hotel, San Antonio. 


1963 


March 18-22—19th Annual Conference 
and 1963 Corrosion Show, Convention 
Hall, Atlantic City, 

October 14-17—South Central Region 
Conference, Oklahoma City, Okla. 


1964 


March 9-13—20th Annual Conference 
and 1964 Corrosion Show, Sherman 
Hotel, Chicago, 

October 25-30—North Central Region 
Conference, Hotel Lemington, Minne- 
apolis, Minn. 


1965 

March Annual Conference 
and 1965 Corrosion Chase-Park 
Plaza Hotel, St. Louis, Mo. 


SHORT COURSES 
1961 


Sept. 20-22—Permian Basin Corrosion 
Tour, Odessa, Texas. 

Sept. 27-29—8th Annual Central Okla- 
homa and University Oklahoma 
Corrosion Control Short Course, Nor- 
man. 


Certificates for presentation past 
chairmen regions and sections are 
available from the Central Office 
$7.50 each. 
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NACE NEWS 


Overseas 


French Reporter 


Compiles Papers 
Published 1960 


CORROSION’s French correspond- 
ent, Chaudron the University 
Paris, has compiled bibliography 
corrosion papers published France 
during 1960. These papers are given 
below, grouped according the insti- 
tute laboratory: sponsoring the re- 
search. 

Many these reports were presented 
the European Federation Corro- 
sion meeting Paris during November, 
1960. And some are proceedings other 
meetings; these proceedings are given 
“comptes rendus” several refer- 
ences. 

The magazines Corrosion Anticor- 
rosion, Revue metallurgie, and 
Metaux Corrosion Industries published 


many these reports. 

National Center Scientific Research, rue 
Georges Urbain, Vitry sur Seine, France. (Dr. 
G. Chaudron). 

On System Sesqui Oxide of Iron-Sodium 
Ferrite, Thery and Collongues. Comptes 
Academie des Sciences, 250 (1960) 
070. 

Electrochemical Study Pitting Stainless 
Steels Acid Media, and 
Montuelle. Ibid 251, 235 (1960). 

Study Inhibition Corrosion With 
Thioglycolic Acid_and Propargyl Alcohol and 
With Help of a Dropping Mercury Electrode, 
S. Jeannin. Ibid 251, 376 (1960). 

nfluence Thioglycolic Acid and Propargyl 
Alcohol on Corrosion of Iron in Sodium Chlo- 
ride Solution, M. Cappelaere and G. Montel. 
Ibid 251, 

Application New Electrochemical Method 
Study Inhibition Amines Corrosion 
Iron, Cappelaere and Montel. Ibid 251, 
(1960). 

Comparative Stability Grain Boundaries 
and Sub-Boundaries in Zone Refined Iron Sub- 
mitted to Cyclic Thermal Treatment, S. Besnard 
and J. Talbot. Ibid 251, 2706 (1960). 

Action Certain Organic Inhibitors 
Corrosion Iron, Montel, Cappelaere 
and Jeannin. Presented European Sym- 
posium Corrosion Inhibitors Ferrara 
September, 1960. 

Corrosion 18-8 Stainless Steels Dilute 
Hydrochloric Acid Solutions, Menasce. 
Thesis, Paris, December, 1960. 

Action of Organic Inhibitors on Corrosion 
of Iron, M. Cappelaere, Thesis, Paris, 1960. 
National High School Chemistry, rue 
Paris France. (Professor 
Benard). 

Recent Work Oxidation and Sulfurization 
of Metals in Vicinity of Equilibrium Conditions, 
J. Benard. Presented at 17th Congress of In- 
ternational Pure and Applied Chemistry, 
funich. 

Mechanism Oxidation 18-8 Austenitic 
Steel at Elevated — J. Benard, J. 
Hertz, Jeannin and Moreau. Revue 
Metallurgie 47, 389 (1960). 

ficial Oxidation Reactions Metals, Benard. 
Acta Metallurgia 8, 272 (1960). 

Shapes Metallic Surfaces Equilibrium 
in Mildly Oxidizing Environment, J. Benard. 
Fortschritteder Mineralogie 38, 22 (1960). 

Recent Developments Concerning Oxidation 
Metals, Presented Annual Col- 
loquy and Corrosion, Centre 

Revealing Polygonized Structure Copper 
Through Formation of Sulfide Nuclei, J. 
Benard. Comptes rendus 250, 2191 (1960). 

Initiation Processes for Reseaction of Oxygen 
With Copper at Elevated Temperature, F. 
Gronlung, Thesis. Scientific. and Technical 
Publications the Air Ministry No. N.T. 
(1960). 

Action Sulphur Copper Elevated 
Temperature, Oudar. Metaux, Corrosion In- 
dustries, 423, 424 (1960). 
Metallurgical Research Center, School of Mines, 
Paris, 60 Boulevard Saint Michel, Paris 6, 
France. (Professor Lacombe). 


Fixation of Radioactive Sulfur on Iron Sur- 
Corrosion, 
B. Le Boucher, C. Libanati and P. Lacombe. 
Presented to Colloquy on Metallurgy of Corro- 
sion, Saclay, 1959, and edited French Uni- 
versity Press, 1960. 

Applications Radioactive Isotopes Prob- 
lems Metallic Corrosion, Lacombe. Corro- 
sion et Anticorrosion 8, 215 —— 

Electrolytic Etching of Metals, P. Lacombe. 
The surface chemistry metals and semi- con- 
ductors, edited by H. C. Gatos, 1960. 

Aqueous Corrosion of Uranium and Its AI- 
loys. Lacombe. Traite Chimie Minerale 
P. Pascal 15, 668 (1960). 

Centre Recherches des Trefileries Lami- 
noirs du Havre, 15 rue du Moulin, Antony 
Seine France (M. Herenguel). 7 

Observations on Mechanisms of Attack on 
Alloys Al-Fe-Ni Water Vapor Above Critical 
Temperature, P. Lelong, J. Moisan and 
Herenguel. Computes rendus a l’Academie des 
Sciences 250, 340 (1960). 

Aluminum Pigments in Paint Industry, R. 
Blais and J. Herenguel. Peintures, Pigments, 
Vernis 36, 518 (1960). 

Tensile Properties of Sintered Aluminum 
Compacts With Additions Iron and_ Nickel 
(Hot Worked) Corrosion in Water at Elevated 
Temperature, P. Lelong, J. Moisan and J. 
Herengucl. Revue de Metallurgie 57, 683 
(1960). 

Anodic Oxidation Process That Produces 
Very_Thick Oxide Films, P. Lelong, R. Segond 
and J Herenguel. Revue de l’Aluminum 37, 67 
(1960). 

Acieries Pompey, avenue Gambetta, 
Pompey (Meurthe et Moselle), France (M. E. 
Herzog). 

Embrittlement and Failure of Steel Sub- 
mitted to Stress in Solutions Saturated with 
H2S, E. Herzog and FE. Malinowski. Revue de 
Metallurgie 57, 535 (1960). 

Corrosion Resistant Low Steels, 
Herzog. Corrosion 394 
(1960). 

Stress Corrosion Ferrous Metals, 
Herzog. Presented at European Federation of 
Corrosion Convention, November, 1960, Paris. 
Corrosion Section, Research Institute Side- 
rurgie, 185 rue President Roosevelt, Saint 
Germain Laye (Seine Oise), France. 
(M. Hache). 

Influence Micro Climates Atmospheric 
Corrosion Tests, A. Hache. Corrosion et Anti- 
corrosion 8, 256 (1960). 

Protection of Steel, A. Hache. Presented at 

European Federation of Corrosion Convention, 
Paris, November, 1960. 
Bellevue X-Ray Laboratory, National Scientific 
Research Center, 1, place Aristide Briand, 
Bellevue (Seine et Oise), France. (Professor 
Trillat). 


(Continued Page 69) 
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Teche Section 
West Kansas Section 
Rocky Mountain Section 
Birmingham Section 
Central Oklahoma Section 
Montreal Section 
San Francisco Bay Area Section 
Alamo Section 
Chicago Section 
Wilmington Section 
New Orleans Section 
Philadelphia Governing Committee 


Correction 


Improper credit was given 
Page the January, 
issue for paper presented the 
32nd International Congress 
Industrial Chemistry Barcelona, 
Spain, October, 1960. 

Title the paper was “Some 
Aspects the Cathodic Protec- 
tion System for U.S. Military 
Bases Spain.” The paper was 
written and presented Andre 
Schnock, chief engineer with Bu- 
reau Technique Trachet, Brus- 
sels, Belgium. Co-authors the 
paper were Capt. John Catlin, 
3977th Supply Squadron, 
USAF, APO 284, New York, 
Y., and McLellan, OICC 
Budocks Contracts, Edificio Es- 
pana, Madrid, Spain. 


Three Slide Shows Available 


Three 35mm color slide shows are 
available free NACE Sections and 
other interested groups for program 
use. The three slide sets, described be- 
low, are accompanied scripts for oral 
comments the slides are shown. 

Annual NACE Conference 
and 1961 Corrosion Show: color 
slides showing main activities con- 
ference plus close-up views many 
booths the Corrosion Show. Sug- 
gested good survey conference 
for persons who did not attend the 
Buffalo meeting. Program time: 
minutes. 

Surface Preparation Sandblast- 
ing: color slides showing various 
specifications sandblasting for sur- 


face preparation. Copies technical 
paper Oakes are sent with 
slide set. Specify number needed. Pro- 
gram time: minutes. 


1960 Corrosion Show: 102 slides 
showing many the booths and some 
the products exhibited during the 
conference held last year Dallas. 
Program time: minutes. 


Persons groups interested using 
the slide sets should send booking re- 


quests far advance possible 
Durwood Levy, NACE Central Office, 


Slides can shown most stand- 
ard slide projectors designed handle 
35mm color slides. 
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FEET 


High above the gulf coast plains, where 
salt air creates its unique corrosion prob- 
lems, find Napko Sales Technician 
providing personal follow-through service. 
Napko’s top men industrial coatings 
believe and practice the axiom that there 
substitute for responsible the job 
follow-through. When you buy Napko 


PROJECT SERVICES 
NAPKO CORPORATION 


Analysis 

Lab Testing System 
Field Testing 

Paint Crew Training 

Job Inspection Progress 


Case History for Repaint 


BATTLE 


Pierre Carpenter 
Industrial Sales Manager — Houston 


you get superior coating formulations, 
delivered with responsible follow-through 
experienced sales technicians the 
crucial ingredient you don’t find the 
can, Next time you have particularly 
difficult coating problem call your Napko 
man, without obligation. 

WRITE FOR INDUSTRIAL COATING CATALOG 


INDUSTRIAL COATINGS DIVISION 


P.O. BOX 14126 HOUSTON 21, TEXAS 
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French Papers 
(Continued From Page 67) 


Oxidation and Carburization of Thin Films 
of Aluminum and Beryllium, £ J. Trillat, L. 
Tertian and Bonnet-Gros. Revue Metal- 
57, 845 (1960). 

and Electron Microscope Study 
Oxidation and Decarburization of Thin Films 
of Aluminum, J. Trillat, L. Tertian and M. 
Bonnet-Gros.. Revue de Metallurgie 57, 81 
and Revue 37, 1115 

X-Ray Study Phosphatization Steel. 
Trillat and Saison. Presented 
Federation of Corrosion Convention, November, 
1960, Paris. 

Other Laboratories 

conium and Zircalloy 2 in Superheated Steam 
at 400 C, H. Coriou, J. Gauduchon, L. Grall, 
Hure and Pelras. Revue Metallurgie 
57, 511 (1960). 

Radiographic Study of Enrichment of Im- 
pe During Oxidation of Steels, Ch. de 

eaulieu, M. Cagnet and L. Moreau. Ibid 57, 
863 (1960). 

Installations for Electrolytic Treatments 
P. Lefaucheux Plant of Regie Nationale des 
Usines Renault, and Vacher. 
Revue du Nickel 3, 61 (1960) 

Interferometric Measurement of Thickness of 
Anodic Oxide Films Aluminum, Cannet. 
Presented at European Federation of Corrosion 
Convention, November, 1960, Paris. 

Present Day Stainless Steels, M. Ey Guitton. 

Corrosion et Didioveredon 8, 262 (19 

Methods of Controlling Corrosion a —— 
Steels Chemical Industry, Defranoux. 
Presented European Federation Corrosion 
Convention, November, 1960, Paris. 

Influence of Pressure on’ Oxidation of Iron 
and Steels Carbon Dioxide, Colombie. 
L’ Academie, 251, 2938 (1960). 

Submitted to Cylinderical ag 
to Hydrogen Embrittlement of Steel Liang, 
P. Azou and P. Bastien. Revue de Metallurgie 
57, 203 (1960). 

Diffusion and Localization of Hydrogen in an 
Extra Mild Steel—Effects Embrittlement, 
Revue Metallurgie 57, 215 

Non-Destructive Metallography of Ultra 
Light Alloys, Revue L’Alumi- 
nium 37, 713 (196 

Passivity of 123 Stainless Steels—Special 
Electrochemical Behavior of 18-8-Molybdenum, 
Ph. Berge. Revue de Metallurgie 57, 699 (1960). 

Corrosion Resistant Alloys for Chemical In- 
dustry, L. Colombier. Presented at European 
Federation of Corrosion Convention November, 
1960, Paris. 

Bri ght Chromium Plate and Hard Chromium 
Technique of Diffusion Plating, 
P. Galmiche. Corrosion et Anticorrosion 8, 49 
(1960). 

High Temperature Corrosion Nickel Base 
Refractory Alloys, J. Poulignier. Presented at 
European Federation Corrosion Convention, 
November, 1960, Paris. 

Corrosion Gas Piping and Protec- 
303 (1960). 

Inhibitors in Industry, B. Le Boucher. Pre- 
sented European Federation Corrosion 
Convention, November, 1960, Paris. 

Transpassivity 18-8 Austenitic Stainless 
Steels and Their Carbon Content, I. Epelboin, 
M. Froment and Ph. Morel. Corrosion et 
Anticorrosion 383 (1960). 

Control of Anodic Oxidation Applied to Con- 
struction, R. Segond. Presented at European 
Federation Corrosion Convention, November, 
1960, Paris. 

Paints and Zinc Coatings Used for Protec- 
tion of Structural Steel, P. Blancheteau. Corro- 
sion et Anticorrosion 8, 455 (1960). 

Motion Picture Study Oxidation 
Oxygen Pressure, P. Belin. Ibid 8, 96 (1960). 

orrosion at Welds in 18-8 Austenitic Stain- 
less Steels in Fuming Nitric Acid, M. Bernard 
and N. Flacian. Ibid 8, 259 (1960). 

Specifications and Control Surface Coat- 
ings, P. Orlowski. Ibid 8, 421 (1960). 

Prevention Rust Metallic and Paint 
Coatings, Rabate. Presented European 
Federation of Corrosion Convention, November, 
1960, Paris. 

Evolution of Chromium Plating for Corrosion 
Protection, P. Morisset. Corrosion et Anti- 
corrosion 8, 407 (1960). 

Methods Control for Metallic Coatings for 
Corrosion Prevention, P. Morisset. Presented at 
European Federation of Corrosion Convention, 
November, 1960, Paris. 

Corrosion Resistant Alloys: Ni-Mo, Base and 
Co-Cr Base, G. Koumani. Metaux, Corrosion 
Industries, March, 1960, Page 116. 

Effect of Tension on Anodic Peroxidation of 
Lead, Constenoble. Ibid, September, 1960, 
Page 309. 

Study Morphology Surfaces Sulfa- 
tion, R. Desbrandes. Ibid, October, 1960, Pages 
353, 416. 

The Age Hardening Stainless Steels—Resist- 


NACE NEWS 


ance Corrosion, Pitand. Revue Nickel 
(1960). 

Normalization and Control Thickness 
Nickel Coatings, J. Grilliat. Ibid 2, 41 (1960). 

Recent Developments in Nickel ~~ Corro- 
sion Resistant Alloys, G. L. Swales. Presented 
at European Federation Corrosion Convention, 
November, 1960, Paris. 

Cathodic Efficiency and Polarization Cya- 
nide Cadmium Plating Baths, Ades. Ibid, 
November, 1960. 

Protection of Gas Holders by Examination 
of Problem From National Service Point of 
View, H. Prim. Corrosion et Anticorrosion 8, 

Example of Long Time Protection by Zinc 
Metallizing, J. Cauchetier. Ibid, 8, 472 (1960). 

How to Choose Pipe as a Function of Differ- 
ent Aspects of Corrosion and Application in 
Industry, A. Pennec. Presented at European 
Federation Corrosion Convention, November, 
1960, Paris. 

Evolution Phosphatization, Lagarde. 
Ibid, Paris, November, 1960. 

Inhibitors and Passivators, Frasche. Ibid, 
Paris, November, 1960. 

Different Aspects of Use of Inhibitors for 
Temporary Protection, C. Hess. Ibid, Paris, 
November, 1960. 

Corrosion and Organic Products, G. Dechaux. 
Corrosion et Anticorrosion 8, 419 (1960). 

Deterioration of Plastics by Diverse Agents, 
P. Dubois. Presented at European Federation of 
Corrosion Convention, November, 1960, Paris. 

Plastics in Corrosion Control. Ibid, Paris, 
November, 1960. 

Methods of control in Protection of Wood, 
C._Jacquiot. Ibid, Paris, November 1960. 

_ Marine Borers, Damage, Biology and Protec- 
tion, Deschamps. Corrosion Anticorrosion 
8, 131 (1960). 


1500 German Standards 
Available English 


Translations German Standards, Part 
May 1961. Deutches Normenauschuss, 
Uhlanstrasse 175, und Koln, Friesen- 
platz 16, Berlin 15, Germany, 
FREE. 

list, with abstracts 1500 German 

standards far translated into English. 

Standards are arranged topics, and 

there keyed numerical list. 


Swiss Papers Published 
During 1960 Listed 


Thirteen corrosion papers appearing 
Swiss journals during 1960 are listed 
below. These reports concern such prob- 
lems lead cable corrosion, corrosion 
watch brasses and zinc spray metal- 
lizing underwater construction 

Observations Several Occurrences 
Corrosion Watch Brasses, 
Brandt. Pro-Metal 13, 335 (1960). 

Problems Lead Cable Corrosion 
Water and Soil Samples Well 
Lead Sheaths and Cable Coverings, 
Brunold. Mitt. PTT (Bern), Nr. 
1960. 

Problems and Methods Corrosion 
Research and Testing, Bukowiecki. 
CHIMIA 14, (1960). 

Corrosion Suspectibility Clean and 
Contaminated Metal Objects, Buko- 
wiecki. Schewiz. Maschinenmarkt, 
Jahresausgabe Revue 60, Fachgruppe 
5/1, Nr. 1960. 

Causes and Different Types Metal 
Corrosion, Bukowiecki. Pro-Metal 
13, 272 (1960). 

Behavior Copper Alloys Wash- 
ing Machines, Bukowiecki. Pro- 
Metal 13, (1960). 

Corrosion Behavior Copper and 
Copper Alloys Relative Different Ma- 
terials, Camenisch. Pro-Metal 13, 
288 (1960). 

Problems Relating Painting 
Zinc Spray Metallizing Underwater 
Construction, Hochweber. Bull, 
Schweiz. Elektrotechn. Ver. (SEV) Nr. 
14, 1960. 


Rust and Rust Protection, Hoch- 
weber. Schweiz. Maler- Gipsermeister 
Ztg. Nr. and 20, 1960. 

Mechanism of. Metallic Corrosion, 
Hugli, Chaperon, and Bersier. 
Schweiz. Arch. angew. Wiss. Techn. 26, 
(1960). 

Copper Relation the Electro- 
motive Series, Meyer. Pro-Metal 13, 
315 (1960). 

Intercrystalline Stress Corrosion 
Brass, Th. Zurrer. Pro-Metal 13, 307 
(1960). 

Brandenberger 

Swiss Federal Laboratory for 
Testing Materials and Research 
Zurich, Switzerland 


New Corrosion Group 
Formed South Africa 


South Africa has new corrosion or- 
ganization. Fifty-six persons represent- 
ing technical organizations, public bodies 
and commercial firms met Johannes- 
burg August 18, 1960, and formed 
the South African Corrosion Council. 

inaugural meeting sponsored 
the Transvaal Chamber Industries, 
was decided that forum was needed 
discuss corrosion problems. steer- 
ing committee under chairmanship 
Witwatersand Johannesburg was 
elected develop the new corrosion 
group. Represented the steering com- 
mittee the South African Council for 
Scientific and Industrial Research which 
group the University Witwater- 
sand where two engineering graduates 
are engaged fundamental corrosion 
research. 

Aims the new council are similar 
those NACE. There are two types 
membership, corporate and individual. 

Robinson 

South African Corrosion Council 
Box 4581 

Johannesburg, South Africa 


TECHNICAL 
REPORTS 


MARINE COATINGS 


Suggested Coating Specifications 

for Hot Application of Coal Tar 
Enamel for Marine Environment. Report 
NACE Technical Unit Committee 
Corrosion Oil Gas Well Producing 
Equipment Offshore Installations, Publi- 
cation No. 57-8. Per Copy $1.50 


Suggested Painting Specifications 

for Marine Coatings. Report 
NACE Technical Unit Commirtee T-1M on 
Corrosion Oil Gas Well Equip- 
ment in Offshore Installations. lication 
No. 57-7. Per Copy $1.50. 


Remittance must accompany all orders for lit- 
erature the aggregate cost of which Is oe than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 

Bldg., Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 
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NATURAL GAS COMPANY PROTECTS LINE 
VALVES WITH ROSKOTE COLD-APPLIED MASTIC 


Roskote cold-applied mastic was spray-applied 
Grants, New Mexico. Risers and support legs 
were coated with Roskote and wrapped with 
Royston Glas-Wrap for additional mechanical 
abrasion protection. 


You get superior protection against the most 
severe field corrosive agents with Roskote 
cold-applied mastic. Valves, risers, line pipe, 
tanks and other structures above below 
ground are coated with Roskote spray 
brush without heat, flame toxic and irritat- 
ing effect workers. The quick-drying fea- 
ture these mastics permits early backfilling. 
Roskote’s time-saving, cost-saving applica- 
tion complements its low first cost provide 
you with the most economical means long- 
life metal protection. 


the Paso Natural Gas 
Company line being laid Fort 
Stockton, Texas, Western Pipe- 
line Company, all 20” valves 
were spray-coated with Roskote 
cold-applied mastic. 


Roskote applied cold winter summer. 
retains its plasticity 0°F, and will not run 
sag 250°F Its high dielectric strength 
and resistivity, and its superior resistance 
acids and alkalies provides ample protection 
even under the most rigorous underground 
atmospheric corrosive conditions. Specific 
formulations are available for resistance 
high crude oil concentrations and gasoline 
seepage surrounding soil. 

Royston engineers will give prompt atten- 
tion your inquiry. 


ROYSTON LABORATORIES, Inc., P.O. BOX 112-C, PITTSBURGH 38, PA. 


District Sales Offices: 
Box 1084 
Atlanta, Georgia 


Box 1753 
Tulsa, Oklahoma 


Overton Sales Equipment Co. 
5981 Fairmount Extension 
San Diego 20, Calif. 


P.O. Box 8188 
Houston Texas 


1605 Ventura St. 
Midland, Texas 


5225 Clover Drive 
Lisle, Illinois 
(Chicago District) 


3114 Midvale Avenue 
Philadelphia 29, Pa. 


3.2 
in 
the 
1s 
en 
eff 


Vol. August, 1961 
CHARACTERISTIC 
CORROSION PHENOMENA 


3.2 Form 


PREVENTIVE MEASURES 
5.9 Surface Treatment 


MATERIALS CONSTRUCTION 


6.2 Ferrous Metals and Alloys 


6.3 Non-Ferrous Metals 
and Alloys—Heavy 
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CORROSION PHENOMENA 


3.2 Forms 


3.2.3, 2.3.6, 3.8.4 

Field Effects Chemisorbed Films 
Hill and Jacobs. Nature, 184, 
No. 4690, 895-896 (1959). 

Characteristic black regions around 
the (001) planes, formed when oxygen 
occur faster rate under the influ- 
ence high electrical field. The same 
effect shown CO, and these obser- 
vations are explained.—MA. 19928 


PHOTOPRINTS and/or 
MICROFILM COPIES 


Technical Articles Abstracted 


Corrosion Abstracts 


May Obtained From 


ENGINEERING SOCIETIES LIBRARY, West 
39th Street, New York 18, N, Y. 


CARNEGIE LIBRARY PITTSBURGH, 4400 
Forbes St., Pittsburgh 13, Pa. 


NEW YORK PUBLIC LIBRARY, New York City. 
DEPT. AGRICULTURE LIBRARY, 


Office Librarian, Washington, 
(Special forms must secured). 


LIBRARY OF CONGRESS, Washington, D. C. 


JOHN CRERAR LIBRARY, East Randolph 
St., Chicago 1, 


Persons who wish secure copies articles 
when original sources are unavailable, may 
apply directly to any of the above for copies. 
Full reference information should accompany 
request. The National Association Corro- 
sion Engineers offers no warranty of any 
nature concerning these sources, and publishes 
the names for information only. 


NACE will NOT accept orders for photoprint 
microfilm copies material not published 
by the association. 


Pitting Corrosion. Metal Industry, 93, 
397-398 (1958) Nov. 


Problem discussed finding 
method for determining resistance 
pitting corrosion that will give general 
corrodibility and also allow estimates 
the maximum rate penetration likely 
occur. Corrosion four aluminum 
alloys was examined.—BTR. 19312 


3.2.2, 

Effects Hydrogen Wrought 
Steel and Ferrous Weld Metal. 
Blake and Pumphrey. Paper be- 
fore Joint Meeting Inst. Welding 
Iron Steel Inst., Dec. 10, 1958. Brit. 
Welding J., No. 211-224 (1959) 
May. 

Critical summary most recent 
papers effect the mechan- 
ical properties wrought steel and 
mechanical and cracking properties 
weld metal. concluded that effects 
upon steel and upon weld metal 


Abstracts This Section are selected 
from among those supplied sub- 
scribers the NACE Abstract Punch 
Card Service, Persons who are in- 
terested reviewing all available 
abstracts should write NACE for 
information this service. 


ABSTRA 


are qualitatively similar, apparent dif- 
ferences being largely due inherent 
difference microstructure and compo- 
sition weld metal and wrought steel. 
Discussion effects impact prop- 
erties steel covers heat treatment, 
structure, composition, method charg- 
ing gas, type impact test, need for 
replicate specimens, and testing tempera- 
ture. Consideration effects impact 
properties weld metal covers com- 
parison different electrodes, and vari- 
ation weld metal variations 
welding technique and/or cooling 
rate. Section effect tensile 
properties steel covers, heat treatment 
and structure, testing temperature, strain 
rate, ductility, apparent ultimate tensile 
strength, true breaking stress, yield 
point, and limit proportionality, and 
method introduction. Discussion 
weld metal includes effect cool- 
ing rate, relation concentration 
tensile properties, and effect varying 
content electrode coating. Section 
cracking steels and ferritic and 
stainless steel welds covers: wild ingots, 
blisters, porosity, pin-holes, and seams 
steel ingots; transformation, hairline 
cracking and weld fissuring; cold crack- 
ing welded joints; hot cracking 
welds; formation haloes and snow- 
flakes tensile specimens; and theories 
hydrogen embrittlement. Some com- 
ment made effect hydrogen 


CODE AGENCIES SUPPLYING CORROSION ABSTRACTS 


Neither NACE nor the sources listed below furnish reprint copies. 


ATS—Associated Technical 
Associated Technical Services, 
271, East Orange, New Jersey. 

AWWA—Journal, American Water Works Asso- 
ciation, Amer. Water Works Assoc., Inc., 
Park Ave., New York 16, New York. 

BTR—Battelle Technical Review, Battelle Me- 
Tonle. Institute, 505 King Ave., Columbus 

Colonies, Brussels 1, Belgium. 

EL—Electroplating and Metal Finishing, 85 Udney 
Park Road, Teddington, Middlesex, England. 

GRR—U. Government Research Reports, Office 
of Technical Services, U. S. Department of 
Commerce, Washington 25, 

HB—Translations, Henry Brutcher, P. O. Box 
157, Altadena, California. 

INCO—The International Nickel Co., Inc., 67 
Wall Street, New York 5, New York. 

JSPS—Japan Society for the Promotion 
Science, Mr. Hayata Shigeno, Secretary, 
Committee of Preventing Corrosion, c/o 
Government Chemical Industrial Research 
Institute, 1 Chome Nakameguro, Meguro- 
Ku, Tokyo, Japan. 

8101 
Los Angeles 45, 

LMB—Light Metals Bulletin, Intelligence Dept., 
British Aluminium Co., Ltd., Norfolk House, 
St. James’ Square, London, SW 1, England. 

MA—Metallurgical Abstracts, Institute of Met- 
als, 17 Belgrave Square, London SW 1, 
England. 

MB—Metalloberflache, Carl Hanser Verlag, 
Munchen 27, Kolbergerstrasse 22, Germany. 

MFJ—Metal Finishing Society, Japan, Room 
647 Kobikikan Building, 7 Higashi 6, Chome 
Ginza, Chuo-Ku, Tokyo, Japan. 

NAW—Nalco Abstracts Current Articles 
Water Treatment, Nalco Chemical Com- 
pany, 6216 West 66th Place, Chicago 38, 

NSA—Nuclear Science Abstracts, United States 
Atomic Energy Commission, Technical Infor- 
mation Division, Oak Ridge, Tennessee. 


Service Abstracts, 
Box 


Creighton Ave., 


OTS—Office of Technical Services, U. S$. Depart- 
ment of Commerce, Washington 25, D. C. 

PDA—Prevention of Deterioration Abstracts, Na- 
tional Research Council, 2101 Constitution 
Ave., Washington 25, D. C. 

Pi—Pergamon Institute, 1404 New York Ave., 
N. W., Washington 5, D. C.; Oxford and 
London, England. 

PMR—Platinum Metals Review, Johnson, Matthey 
and Co., Ltd., 73-83 Hatton Garden, London, 

Union Testing and Re- 
search Laboratories for Materials and Struc- 
tures, RILEM Bulletin, 
Paris XV, France. 

RML—Review of Metal Literature, American 
‘Oh for 7301 Euclid Ave. ., Cleve- 
lan 

RPI—Review = — Literature Relating to 
the Paint, Colour, Varnish and Allied Indus- 
tries, Research Assoc. of British Paint, Coiour 
and Varnish Manufacturers, Paint Research 
Station, Waldegrave Rd., Teddington, Mid- 
dlesex, England. 

SCA—Soviet Bloc and Mainland China Tech- 
nical Abstracts, U.S. Department of Com- 
merce, Office of Technical Services, Wash- 
ington 25, 

und Eisen, Verlaq m.b.H., 
Breite Strasse 27 (Schliessfach 2590), Dus- 
seldorf, Germany. 

STP—Current Review of the Soviet Technical 
Press, U.S. Department of Commerce, Office 
of Technical Services, Washington 25, D.C. 

TiIME—Transactions of The Institute of Marine 
Engineers, The Memorial Bldg., 76 Mark 
Lane, London EC 3, England. 

TT—Technical Translations, Office of Technical 
Services, U. S. Department of Commerce, 
Washington 25, 

WK—Werkstoffe und Korrosion, Chemie, 
GmbH, Weinheim/Bergstr., Postfach 149, 
Germany. 

ZDA—ZDA Abstracts, Zinc Development. Asso- 
ciation, Berkeley Square, London 
England. 
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WORM GEAR CLAMPS 
/ 


WATERTIGHT { STAINLESS STEEL BANDS 


SEALING RIBS Q/ EXTRA-THICK 


SHOULDER 


TYPE 640 


CASING — FLEXIBLE S. SHAPE 


~ COMPENSATES FOR MOVEMENT 


SEAL 
PROVIDES EXTRA ADVANTAGES 


TYPE 640 


Because three superior features, PLICO CASING SEALS 
keep insulated carriers dry...permanently! 


Extra thickness reinforces shoulder, prevents cuts and tears. 


Stainless steel bands and worm gear clamps resist corrosion. 


Molded fit true nominal pipe size without wrinkling, yet 
fit over heavy coatings too. 


You can depend the one and only original PLICO for 
unequalled quality pipeline insulating spacers, saddles, 
casing seals and anode caps...available from your 
distributor...or write direct. 


DIVISION MARWAIS STEEL CO. 


RAymond 3-8831 


CLAMP oe nies M 0 LD ED 
CARRIER 


MARWAIS MANUFACTURING DIVISION 


6466 Gayhart Street Los Angeles California 
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hardness. Numerous references are 
made nickel-containing steels. Tables, 
graphs, 20174 


3.2.2, 4.6.2, 6.4.2 

Localized Penetrating Corrosion 
Sintered Aluminium Powder Alloy 
High Temperature Steam. Britton 
and Wilkins. Atomic Energy 
Research Establishment, Harwell, Berks, 
England. Nuclear Materials, 374- 
376 (1959) 

Effects testing conditions local- 
ized penetrating corrosion studies 
sintered aluminum powder alloy high 
temperature steam were studied. sim- 
ulation the penetrating attack was 
observed when hydrogen was added 
the steam.—NSA. 20230 


3.2.3, 2.3.9, 6.3.17 

Electron Diffraction Study the Re- 
moval and Formation Vacuo Oxide 
Films Uranium and Plutonium. 
James Waber, Clayton Olsen and 
Dawn Whyte. Los Alamos Scientific 
Lab. Atomic Energy Commission 
Pubn., AECU-4742, 1959, pp. Avail- 
able from Office Technical Services, 
ington 25, 

Experiments the development 
apparatus relating the preparation 
oxide-free surface uranium are 
described. Polishing the metal vacua 
the order mercury was 
found the most successful method. 
and UO: were observed form 
rapidly the metal such vacuum. 
was found form plutonium 
vacua pressures less than one 
micron. The sequence oxide film for- 
mation uranium when both the di- 
oxide and monoxide are present re- 
vealed the sequence: dioxide/monoxide/ 
uranium. 20200 


3.2.3, 6.4.2 

Aluminium Substrate for Lac- 

quer. ZaStita Materijala, 
No. 9/10, 434-486 (1959). 

Discusses the structure oxide films 
formed aluminum surfaces natural 
conditions. The oxide film 
0.01 thick; the layer near the metal 
surface (about 0.005 thick) hard; 
the upper layer porous and takes 
water from the atmosphere. The most 
dangerous from the corrosion point 
view are the heterogeneities the sur- 
face containing Al/Fe crystallite 
AI/Si, etc. The catalytic action the 
layer, the dehydration hydroxyl 
compounds and the action various 
solvents the oxide layer are dis- 
cussed.—RPI. 19953 


PREVENTIVE MEASURES 
5.9 Surface Treatment 


5.9.4, 6.4.2 

Anodic Behavior Aluminium 
Electropolishing Solutions Low Cur- 
rent-Density the Polarizing Current. 
and Avdeeva. Phys. Chem. (Zhur. 
Fiz. Khim.), 33, No. 1788-1790 (1959). 
(In Russian.) 

Electropolishing cold-rolled and 
annealed single crystals was studied 
solution 65:17.5: 17.5 
water 0.1-90 Regardless 
the type Al, 0.1 the anode 
efficiency 162% and higher current 
density 101%. There also consider- 
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trolyte. The anode during electro- 
polishing covered with fine powder 
coated with hydroxide. The ex- 
planation high anode efficiency that 
goes into solution low valency 
state and oxidized the 
higher valency state, reducing 
the process. There also 
19954 


5.9.4, 2.4.2, 6.4.2 

Apparatus for the Rapid Determina- 
tion the Quality Anodized Coatings 
Aluminium and Its Alloys. (In Rus- 
zhesky, Val’kov and Zalivalov. 
Zavod. Lab., 25, No. 738-739 (1959). 

Increase electrical conductivity with 
porosity and sponginess used deter- 
mine defects anodic coatings. D.C. 
not react with alloys. Greater sensi- 
tivity obtained than possible with 
existing 19968 


5.9.4, 6.4.2, 4.3.2 

Influence Electropolishing the 
Corrosion Aluminum Dilute Solu- 
tions Nitric Acid. Apolonia Malinow- 
ska. Przemysl Chem. (Poland), 37, 
336-338 (1958); Chem. Absts., 52, No. 
20, 16943-16944 (1958) Oct. 25. 

Aluminum electropolished 
chromium trioxide 10, Na- 
current resisted corrosion 1.5M- 
nitric acid. The bath contained 
chromium trioxide 10, Na- 
HBO; and phosphoric acid 
wt.%. The aluminum anode 0.1329 
was placed between two graphite 
cathodes each 33.4 distance 
2.4 cm. from one and 1.7 cm. from 
the other cathode. Electropolishing was 
carried out with D.C. with superimposed 
A.C. (via condenser) and 0.68 
48.5 for 30-60 min. Sub- 
merging and removal the aluminum 
electrode was carried out 
elect. currents were on. The best results 
were obtained when the D.C. was also 
0.68 and when the average 
mean voltage was 26-28 The sample 
electropolished this manner lost only 
10.40 when immersed 1.5 
nitric acid for hr. com- 
pared with loss g/m? from 
aluminum sample which 
polished under the same conditions ex- 
cept that A.C. was not superimposed 
D.C. The presence 1.5 
nitric acid markedly reduced the corro- 
sion electropolished aluminum; the 
influence decreased with in- 
crease 18893 


5.9.4, 5.4.5 

How Prevent Underfilm Corrosion. 
Adams. Iron Age, 182, No. 12, 
86-87 (1958) September 18; Steel, 144, 
No. 66-68 (1959) January 19. 

Grayguard system, new 
phating process developed England 
and introduced U.S.A. Atlantic 
Labs. Delaware Inc., solve 
problem corrosive attack under paint 
film which starts even 
blasting wire brushing completed. 
Process being used tanks, struc- 
tures and piping, well for pre- 
treating manufactured products. pre- 
vent underfilm corrosion thorough 
cleaning essential, metal should 
passivated, surface must made non- 
conductive, and proper primer should 
applied. Grayguard conditioner- 
primer usually dries less than 
hour, then can painted immediately, 
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left unpainted for long two 
weeks without harm. Liquid Grayguard 
material reacts with steel form 
complex metallic phosphate coating, 
covering treated surface with tough 
plastic film. reacts with surface oxides 
well the metal. Chemical descalers 
No. may take place me- 
chanical cleaning. Photos show sets 
steel plates, one wire brushed with 
coats paint, and other wire brushed, 
with coat Grayguard and coats 
paint, after 800 hrs. exposure 95% 
relative humidity 120 complete 
immersion salt water and exposure 
fine sea water spray 

18101 


5.9.3 

Hydraulic Jet Descaling—A New 
Method Remove Scale from Hot 
Steel. Harmon and Proctor. 
Steel Engr., 35, No. 12, 97-106; 
disc., 106-108 (1958) Dec. 

Hydraulic-jet descaling improves 
product quality, reduces 
quirements for descaling, and practically 
eliminates undesirable cooling work- 
piece during descaling operation. Physi- 
cal phenomenon which depends 
loosening brittle scale differential 
cooling. Resultant shrinkage scale 
mechanically separates from parent 
metal. Underlying principle hydraulic- 
jet descaling hit each square inch 
scaly surface with proper volume 
water, proper pressure, and applied 
proper way. Corollary this that 
steel must heat treated proper 
temperature right atmosphere form 
scale that can removed hydraulically. 
Carbon steel and low alloy steels form 
thickest crusts and require maximum 
amount water and pressure for re- 
moval. Stainless steels with thin scale 
require reduced water and pressure. 
Equipment described. Application 
hot strip, plate, billet, bar and extrusion 
mills covered and descaling ingots 
considered. Possibility erosion oc- 
curring jet bars (made from 4120 


steel) commented on. Diagrams.— 
INCO. 18073 


5.9.4 

Recent Improvements Phosphating 
Techniques. (In French.) Roger La- 
garde. Corrosion Anticorrosion, 
No. 107-108 (1958). 

Decrease treatment time, choice 
phosphates and the introduction new 
types, and addition complex organic 
compounds, are briefly considered.— 


MA. 19280 


5.9.4, 6.4.2, 6.4.4. 

Chromate Conversion Treatments. Pt. 
Fishlock. Product Finishing, 
12, No. 10, 76-86 (1959). 

Author concludes his discussion 
reviewing specific chromating processes 
applicable aluminum and magnesium. 
19750 


5.9.3, 5.9.2, 6.2.1 

Protection Iron and Steel Against 
Corrosion. Castan. Pinturas 
Acabados Ind., No. 27-31 (1959). 

Current practice surface prepara- 
tion chiefly considered, comprising 
sand blasting and. other mechanical 
methods and pickling and other chemi- 
cal 19704 


5.9.4, 6.4.2 

Anodizing and Colouring Aluminium 
Britain. Bishop. Metal Progress, 
75, No. 87-89 (1959). 

British practice for production 
anodic coatings 0.0001 in. thick for 
architectural applications described.— 
MA. 19674 


5.9.4, 5.9.2, 5.8.4, 6.4.4, 5.3.4 

Recent Developments Protective 
Finishes for Magnesium. George. 
Light Metal Age, 18, 13-14 (1959) Dec. 

Electroless nickel process for uniform 
and hard nickel plating; Dow anodize 
impregnation process for pore sealing 
and protective paint base formations; 
ferric nitrate bright pickle for surfacing, 
tin-plated fastness avoid galvanic cor- 
rosion, organo-tin inhibitor paint 
primer; compatible aluminum alloys 
with reference magnesium alloys.— 
19182 
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MATERIALS 
CONSTRUCTION 


6.2 Ferrous Metals and Alloys 


6.2.5, 7.9 

Eurochemic Specifications for Procure- 
ment, Fabrication and Testing Stain- 
less Steel Material and Equipment. Tech- 
nical Report No. 32. Jenne. European 
Company for the Chemical Processing 
Irradiated Fuels, Mol, Belgium. Feb. 
1959, pp. Available from Offices 
Technical Services, Washington, 

Specifications covering minimum stand- 
ards for the fabrication welded pres- 
sure-containing equipment and intended 
achieve long-time maintenance-free 
integrity highly corrosive chemical 
processing service are given. Also in- 
cluded are specifications for stainless 
standards for metal arc, and inert arc 
19782 


6.2.5, 8.4.3, 3.5.8, 3.2.2 

Refiners Report New Cases Stain- 
less Steel Failure. Allesandria and 
Jaggard. Arabian Am, Oil Co. Paper 
before Am. Petroleum Inst. Refining 
Div., Detroit, May 1960. Petroleum 
Refiner, 39, No. 151-156 (1960) May. 

Stress corrosion and intergranular cor- 
rosion are main causes stainless steel 
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Corrosion Oil and 
Gas Well Equipment 


T-1A Survey Corrosion Control Califor- 
nia Wells. Report T-1A 
Corrosion Oil and Gas Well Equipment, Los 


Angeles Area. Pub. 54-7. Per Copy $1.50. 


TP-1 Report Field Testing Alloys 

the Flow Streams of Seven Condensate 
‘Wells (Pub. 50-3) NACE members, $8; Non- 
members, $10 per Copy. 


T-1B-1 Completion and Corrosion Con- 

trol of High Pressure Gas Wells—A 
Status Report of NACE Task Group T-1B-1 on 
High Pressure Well Completion and Corrosion 
Mitigation Procedure. Pub. 59-6. Per Copy $1.50. 


Current Status Corrosion Mitigation 

Knowledge on Sweet Oil Wells. A Re- 
port of Technical Unit Committee T-1C on Sweet 
Oil Well Corrosion. Per Copy, $1.50. 


Field Practices for Controlling Water 

Dependent Sweet Oil Well Corrosion. 
A Report of Technical Unit Committee T-1C on 
Sweet Oil Well Corrosion, Compiled by Task 
Group T-1C-1 on Field Practices. Pub. No. 56-3. 
Per Copy $1.50. 


Status Downhole Corrosion the 
East Texas Field—A Report of NACE 

Tech. Unit Committee T-1C Sweet Oil Well 

Corrosion. Pub 57-23. Per Copy $1.50. 


Water Dependent Sweet Oil Well Cor- 
rosion Laboratory Studies—Reports of 

NACE Tech Unit Committee T-1C Sweet Oil 

Well Corrosion. Pub. 57-24, Per Copy $2.50. 


T-1C Theoretical Aspects of Corrosion in 

Low Water Producing Sweet Oil Wells 
Status Report NACE Tech. Unit Commit- 
tee Prepared Task Group Pub. 
58-4, Per Copy $1.50. 


failures. Case histories presented give 
typical examples for conditions found 
modern and petrochemical 
plants, and show methods developed for 
preventing stress corrosion cracking and 
for proper selection and use stainless 
steel. Cases included: transgranular 
cracking Type 321 equipment de- 
oxygenation unit caused chlorides 
leached from catalyst (use Ni- 
suggested); cracking Type 304 
spend catalyst pipe due chloride 
steam (replaced low Cr-Mo ferritic 
alloy); failure bends U-bend bundles 
due salt water washing (fresh water 
washing was made mandatory); crack- 
ing Type 304 exchanger tube due 
salt water light wax distillate (use 
Type 410 recommended); failure 
fresh-water-circulating austenitic heat 
exchanger due concentration chlo- 
ride heavy scale deposit (replacement 
tubes cold-bent 
18-8 sheet sleeve inserted still nozzle 
showed stress corrosion cracking 
presence caustic (remedy use 
sheet liner or, presence sulfur, 
Ni-15 Cr); failure Type 304 baffle 
plate due mill stresses and concen- 
trated caustic (again, use Ni-15 
recommended); complex cracking 
18-8 caustic regenerator bubble caps due 
internal stresses from cold-drawing 
(annealing after cold drawing eliminates 
internal stresses); three cases inter- 
granular corrosion Type 304 tubes 


Experience With Sweet Oil Well Tub- 
ing Coated Internally With Plastic— 

A Status Report of Unit Committee T-1C on 

Sweet Oil Well Corrosion. Pub. 58-8, Per Copy 

$1.50. 

TP-1D Oil Well Corrosion. Corrosion, 

August, 1952, issue. $1.50 Per Copy. 


Strength Steel Sour Gas and 
Oil Wells. (Included Symposium Sulfide 
Stress Corrosion.) (Pub. 52-3) NACE Members 


$3.50; Others $5.00 Per Copy. 
T-1G Sulfide Corrosion Cracking Oil Pro- 

duction Equipment. A Report of Tech- 
nical Unit Committee T-1G Sulfide Stress 
Corrosion Cracking. Pub. 54-5. $1.75 Per Copy. 
T-1G Hydrogen Absorption, Embrittlement 

and Fracture of Steel. A Report on 
Sponsored Research Hydrogen Sulfide Stress 
Corrosion Cracking carried on at Yale University, 
Supervised NACE Technical Unit Committee 
T-1G Sulfide Stress Corrosion Cracking 


Robertson and Arnold Schuetz. Pub. 57-17. 
Per Copy $5.50. 


T-1J Status Report of NACE Technical Unit 
Committee Oil Field Structural 
Plastics. Per Copy $1.50. 


T-1J Reports to Technical Unit Committee 

Oilfield Structural Plastics. 
Part 1—Long-Term Creep of Pipe Extruded from 
Tenite Butyrate Plastics. Part 2, Structural Be- 
havior of Unplasticized Geon Polyvinyl Chloride. 
Publication 55-7. Per Copy $2.75. 


T-1J Summary of Data on Use of Structural 

Plastic Products in Oil Production. A 
Status Report of NACE Technical Unit Commit- 
= Aa on Oilfield Structural Plastics. Per Copy 


T-1J Service Reports Given on Oil Field 
__. Plastic Pipe. Activities Report of T-1J 
Oilfield Structural Plastics. Per Copy $1.75. 


Oilfield Structural Plastics Test Data 
are given. Activities Report 
on Oilfield Structural Plastics. Per Copy $1.75. 


Reports Technical Unit Committee 
T-1J on Oil Field Structural Plastics. 
Part 1—The Long-Term Strengths of Reinforced 
Plastics Determined Creep Strengths. Part 
Microscopic Examination Test Method for 
Reinforced Plastic Pipe. Per Copy $1.50. 


Vol. 


which were sensitized operating tem- 
peratures and were attacked poly- 
thionic acid (remedy was replacement 
with stabilized Types 321 347); inter- 
granular attack Type 304 piping han- 
dling hot reactivated amines (stress re- 
lieving should have been carried out 
1,650-1,700 F); and intergranular corro- 
sion cast stainless steel valves 
dilute sulfuric acid service 500 
(castings were replaced with extra low 
C-Mo stainless steel castings). Few re- 
ported failures attributed sigma phase 
embrittlement are also mentioned. Photo- 
micrographs, 
20153 


6.2.5, 7.2 

Why Stainless Steel Used for Proc- 
ess Piping. Wicker. Chemetron 
Corp. Heating, Piping Air Condi- 
tioning, 32, No. 127-130 (1960) May. 

Discusses briefly the weldability 
various grades stainless steels; de- 
scribes principal kinds corrosion and 
how they occur (galvanic, pitting, crevice, 
intergranular, stress-corrosion cracking, 
corrosion fatigue, fretting corrosion, im- 
pingement and erosion corrosion); and 
outlines several service tests which fur- 
nish best solution individual corrosion 
problems (Strauss, Huey and penetrant 
tests). Short review many applications 
stainless steel piping systems in- 
dustry—and why they are used—is in- 
cluded.—INCO. 20251 


Status Report NACE Technical Unit 

Committee T-1J on Oil Field Structural 
Plastics. Part 1—Laboratory Testing Glass- 
Plastic Laminates. Part 2—Service Experience 
Glass Reinforced Plastic Tanks. Part 3—High 
Pressure Field Tests of Glass-Reinforced Plastic 
Pipe. Per Copy $1.50. 


Service Experience Glass Reinforced 

Plastic Tanks—Status Report NACE 
Technical Unit Committee T-1J on Oil Field 
Structural Plastics. Pub. 57-18. Per Copy $1.50. 


Experience with Oil Field Extruded 

Plastic Pipe Report 
NACE Technical Unit Committee T-1J Oil 
Structural Plastics. Pub. 57-19. Per Copy 


Proposed Standardized Laboratory Pro- 

cedure for Screening Corrosion Inhibi- 
tors for Oil and Gas Wells. Report T-1K 
Inhibitors for Oil and Gas Wells. Publication 
55-2. Per Copy $1.50. 


Proposed Standardized Static Lab- 

oratory Screening Test for Materials to 
Used Inhibitors Sour Gil and Gas Wells. 
Report NACE Technical Unit Committee 
Inhibitors for Oil and Gas Wells, Pre- 
pared Task Group Sour Crude In- 
Evaluation. Publication 60-2. Per Copy 


Suggested Coating Specifications for 
Hot Application Coal Tar Enamel for 

Marine Environment. Report NACE Tech- 
nical Unit Committee T-1M Corrosion Oil 
& Gas Well Producing Equipment in Offshore In- 
stallations. Publication No. 57-8. Per Copy $1.50. 
Suggested Painting Specifications for 
_ .Marine Coatings. A Report of NACE 
Technical Unit Committee T-1M Corrosion 


Oil Gas Well Producing Equipment Offshore 
— Publication No. 57-7. Per Copy 


Remittances must accompany all orders for litera- 
ture the aggregate cost of which is less than $5. 
Orders of value greater than $5 will be invoiced 
if requested. Send orders to National Association 
of Corrosion Engineers, 1061 M & M Bldg., 
Houston, Texas. Add 65c per package to the prices 
given above for Book Post Registry to all addresses 
outside the United States, Canada and Mexico. 
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REALLY WORKS! 


you’ve ever had pipe dete- 
riorate, you know how serious 
can be. Fibercast stands 
where others simply do. 
Produced under carefully con- 
trolled manufacturing process, 
its solid centrifugally cast walls 
provide positive protection 
against high temperatures cor- 
rosive environments. 


FIBERCAST epoxy pipe safely handles 
corrosive solutions 300° temperatures 


Rugged pipe carries 94% known corrosive 
solutions. Available now sizes from 


Heat and corrosion failures cost 
money. That’s why it’s important 
consider the maximum protection you 
get with Fibercast epoxy pipe. Pro- 
tection against premature fouling, 
generally attributed operating tem- 
peratures and corrosive solutions, Pro- 
tection against intermittent replace- 
ments, downtime—added costs for 
new materials and labor. 

Years actual operation field 
use, prove Fibercast outlasts other 
kinds pipe. Even more expensive 
metal pipe, pipe with thermoplastic 
interior coatings cannot match Fiber- 
cast’s resin rich interior. 


Comparative Life Data 


Report after report shows that Fiber- 
cast does outperform other types 
pipe terms long service life. Bas- 
ing Fibercast Grade unit 
life, comparable ratings show: Alu- 
minum, 26%. Brass (RED), 74%. 
Rubber Hose, Stainless Steel 
(304-40), Asbestos (cement 
100); 


Handles 94°% Known 
Corrosive Chemical Solutions 


Out 338 common corrosive solu- 
tions, Fibercast safely handles 320. 
Not only does provide superior re- 
sistance corrosion, heat and pres- 
sure—it also has the outstanding abil- 
ity maintain the purity the solu- 
tions carries. The pipe has glass- 
smooth interior with Hazen-Williams 
C-Flow Factor 147. This cuts fric- 
tion losses. Encourages flow in- 
tended pressures. Resists deposit 


COMPANY 


build-up. Dielectric properties ward 
off electrolytic action. 

Fibercast owes its long life—and its 
special resistance heat, pressure, 
corrosion, contamination, electrolytic 
action—to the exclusive way built. 
Fibercast centrifugally cast ther- 
moset epoxy resin reinforced pipe with 
multiple layers seamless braided 
glass fiber sleeving especially 
woven glass fabric. Its body woven 
glass fibers, impregnated with epoxy 


ROSION Plastic-coated steel nipple 
(right), used salt water supply well, corroded 
and lost strength after months. Fibercast 
(left), used same installation for years 
still shows loss strength. 


resin chemically cured elevated 
temperatures provides remarkable 
ability withstand high pressure and 
temperature corrosive environments. 


Savings Right from the Start 


Fibercast puts you way ahead for your 
money from time installation. Light 
weight makes easy handle; (it 


DIVISION 


SHEET AND TUBE COMPANY 


one-fourth the weight steel). Yet 
even has structural stability and. 
strength for installation span racks 
with the normal metal pipe spacing. 


Complete Line Fittings 
Fibercast offers fittings solve any 
fitting problem. Besides vast stock 
standard sizes and types, Fibercast 
also designs and makes special fitting 
meet individual problems. All have 
the same corrosion resistance proper- 
ties Fibercast Pipe and Tubing. 


Get the full story Fibercast Pipe, 
Tubing and Fittings. Find out how 
they can help you solve and combat 
specific problems relating tempera- 
ture, pressure and. corrosion. Mail 
ccupon today. 


FIBERCAST COMPANY, Dept. C-81 
Box 727, Sand Springs, Oklahoma 
Please send me, without obligation, 
further details about Fibercast Pipe, 
Tubing and Fittings. 

Name 
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Title 


Firm 


Type of Business 


City Zone State 


an- 
ron 
ay. 
de- 
ice, 
ng, 
im- 
ur- 
ion 
ant 
in- 
in- 
251 
FIELD USE PROVES RESISTANCE COR- 


CORROSION—-NATIONAL ASSOCIATION CORROSION ENGINEERS 


TECHNICAL 
REPORTS 


CORROSION PROBLEMS 
the PROCESS INDUSTRIES 


TP-5A Materials Construction for Han- 
dling Sulfuric Acid. Corrosion, Au- 
gust, 1951, issue. Per Copy $1.50. 


T-5A Qualified Approval for D-319 An- 

alysis Austenitic Chromium- 
Nickel-Molybdenum Stainless Steel. A Report of 
NACE Technical Unit Committee T-5A Cor- 
rosion in Chemical Processes. Publication 60-10. 
Per Copy $1.50. 


T-5A-3 Corrosion by Acetic Acid—A Re- 

port NACE Task Group T-5A-3 
Corrosion Acetic Acid. Pub. 57-25. Per 
Copy $2.50. 


T-5A-4 Bibliography Corrosion 

Chlorine. A Report of Technical 
Unit Committee T-5A Corrosion the Chemi- 
cal Manufacturing Industry. (Compiled by Task 
Group T-5A-4 on Chlorine.) Pub. 56-2. Per Copy 
$2.00. 


T-5A-4 Summary Replies Question- 

naire Handling Chlorine 
Mixtures—A Report NACE Task Group T-5A-4 
Chlorine. Pub. 59-15. Per Copy $1.50. 


T-5A-5 Corrosion by Nitric Acid. A Prog- 
ress Report by NACE Task Group 
T-5A-5 on Nitric Acid. Per Copy $1.50. 


T-5A-5 Aluminum Fuming Nitric Acids. 

Report NACE Task Group 
T-5A-5 Corrosion Nitric Acids. Per Copy 
$1.50. 


T-5A-6 Summary of Replies on Corrosion 

in HF Alkylation Units—A Report 
of NACE Task Group T-5A-6 on HF Corrosion. 
Pub. 59-14. Per Copy $1.50. 


T-5B High Temperature Corrosion Data. 

Compilation NACE Technical 
Unit Committee T-5B High Temperature Cor- 
rosion, Pub. 55-6. Per Copy $1.50. 


T-5B-3 The Present Status of the Oil Ash 
Corrosion Problem. A Progress Re- 

port of NACE Task Group T-5B-3 on Oil Ash 

Corrosion. Pub. 58-11. Per Copy $1.50. 


T-5B-3 The Residual Oil Ash Corrosion 

Problem, Slunder and 
Bibliography for Residual Fuel Oil Ash Corrosion. 
Report NACE Technical Unit Committee 
T-5B, High Temperature Corrosion, prepared by 
Task Group T-5B-3 on Oil Ash Corrosion. Publi- 
cation 60-6. NACE Members $2.00; Non-members 
$2.50 Per Copy. 


T-5C-1 Some Economic Data Chemical 

Treatment Coast Cooling 
Waters. Report the Recirculating Cooling 
Water Sub-Committee NACE Task Group 
T-5C-1 on Corrosion by Cooling Waters, South 
Central Region. Per Copy $1.50. 


T-5C-1 Water Utilization and Treatment 

Efficiency of Gulf Coast Cooling 
Towers—A Report of the Recirculating Cooling 
Water Work Group of NACE Task Group T-5C-1 
on Corrosion by Cooling Water (South Central 
Region). Pub. 57-20. Per Copy $1.50. 


T-5C-1 Evaluation of Laboratory Testing 

Techniques for Cooking Water Cor- 
rosion Inhibitors. A Report of Task Group T-5C-1 
on Corrosion by Cooling Waters (South Central 
Region). Pub. 57-12. Per Copy $1.50. 


TP-5C Stress Corrosion Cracking Alka- 
$2 line Solutions. Pub. 51-3. Per Copy 
.00. 


T-5E Report on Stress-Corrosion Crack- 

ing Austenitic Chromium- 
Nickel Stainless Steels. Sponsored jointly by 
ASTM Committee A-10 on [ron-Chromium, Iron- 
Chromium-Nickel and Related Alloys, and NACE 
Technical Unit Committee T-5E on Stress-Corro- 
sion Cracking of Austentic Stainless Steels. ASTM 
Special Technical Publication No. 264. Members 
$4.80; Non-members $6 Per Copy. 


Remittances must accompany all orders for litera- 
ture the aggregate cost of which is less than $5. 
Orders of value greater than $5 will be invoiced 
if requested. Send orders to National Association 
of Corrosion Engineers, 1061 M & M Bidg., 
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given above for Book Post Registry to all addresses 
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6.2.5, 3.5.8, 3.2.2, 4.6.1 

Corrosion Austenitic Stainless 
Steels Under Heat Transfer High 
Temperature Water. Wanklyn and 
Jones. Atomic Energy Res. Estab- 
lishment, Harwell, Berks, England. 
Nuclear Materials, 154-173 1959) July. 


Corrosion two 18/8 austenitic stain- 
less steels under stress and boiling heat 
and 280 has been studied. plane 
surfaces, heat transfer does not signifi- 
cantly increase corrosion times 
1,000 hrs. crevices where heat trans- 
fer causes superheating and concentra- 
tion solutes, stress-corrosion cracking 
This due the caustic alkali 
(60 ppm) required raise the 11: 
comparison, chloride concentration 
0.5 ppm the bulk water has neg- 
ligible effect. Unlike the previously re- 
ported stress-corrosion caustic alkali, 
the cracking wholly intercrystalline. 
The minimum superheat and caustic 
concentration required produce are 
potassium hydroxide, respectively. The 
better-known transcrystalline cracking 
appears require higher concentrations 
than this. the appropriate solutions 
intercrystalline corrosion possible 
virtually unstressed metal, but mechani- 
cal failure more rapid stresses 
the order 20,000 psi (1400 
(auth)—NSA. 18721 


Study Corrosion Stainless Steels 
High Purity Water Elevated Tem- 
peratures. Yanagihara, Shimaoka, 
Ikeda and Tomita. Rept. Nat. Res. 


Inst. Met., No. 87-93 (1959). 


Corrosion tests Types 304, 304L, 
310, 316, 316L and 347 stainless steels 
pure water 250 atm. and 300 
atm. for 10-120 hrs. were carried 
out. The structure the surface prod- 
ucts obtained each stage the cor- 
rosion was investigated means 
electron diffraction method and elec- 
tron microscope. primary stage the 
corrosion the steels, the change 
weight was neglibible and the surface 
the specimens was covered film 
showing various interference colors with- 
out any local corrosion. The film con- 
sisted mainly spinel type oxides mixed 
with a-hematite type oxides. corro- 
sion proceeded the weight the speci- 
mens changed irregularly, and spinel 
type oxides and type oxides 
were observed accordingly. was shown 
that the oxidation reaction dominates 
primary stage the corrosion, and pro- 
duction and separation the oxides 


the surface film repeat 
INCO. 18715 


6.2.5, 3.8.4, 3.6.5 

Evidence for Logarithmic Oxidation 
Process for Stainless Steel Aqueous 
Systems. Milton Stern. Union Carbide 
Metals Co. Electrochem. Soc., 106, 
No. 376-381 (1959) Feb. 

Upon immersion passive stainless 
steel electrode into oxidizing ferrous- 
ferric aqueous solution, the mixed po- 
tential the electrode gradually ap- 
proaches the reversible redox potential 
the solution. During this period oxi- 
dation process occurs, the rate which 
decreases with time. The process most 
likely oxidation metal since the potent- 
ial range over which occurs more 
active than the estimated reversible oxy- 
gen potential for the system, and other 
oxidation reaction likely. The kinetics 
oxidation stainless steel are similar 


kinetics reported for anodic oxidation 
metals which form thin amorphous 
oxides. Therefore, believed that 
evidence has been obtained for growth 
similar type oxide stainless 
steel. constant potential, the oxida- 
tion process can described closely 
logarithmic oxidation equation. Also, 
the kinetics are consistent with equations 
which describe ion current through thin 
oxides function the field across 
the 18707 


6.2.5 

Comparative Data the Corrosion 
Resistance Selected Types 18-8 
Chromium-Nickel Stainless Steels. 
Sanborn. General Electric Co., Hanford 
Atomic Products Operation. 
Atomic Energy Commission 
HW-32727, August 12, 1954 (Declassi- 
fied Feb. 1959), pp. Available from 
Office Technical Services, Washing- 

Stainless steels, including Type 347, 
321, 304L and 347 with niobium-tantalum 
additive, were corrosion tested accord- 
ing standard industrial acceptance 
and liquids which simulate HAPO 
process streams. was concluded that 
there are many services HAPO 
which these steels may applied inter- 
changeably; however, Type 347 with 
niobium-tantalum has disadvantages 
from the standpoint welding. was 
recommended that the Huey test im- 
posed specifications for the procure- 
ment 18-8 chromium-nickel stainless 
steels used all but specifically ex- 
cepted separations 


17814 
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Low-Carbon Manganese-Chromium- 
Molybdenum-Vanadium Steel for Pres- 
sure Vessels. Mackenzie. Chem. 
Process Eng., 40, No. 132-136 
(1959) April. 

High-tensile weldable steel marketed 
under name Ducol W30 (0.15 carbon-1.3 
manganese-0.50 chromium-0.26 molyb- 
denum-0.08 vanadium) was developed 
meet demand for large high-tensile steel 
plates in. thick. Ducol W30 be- 
longs semi-air-hardening class 
steels properties are developed 
air-cooling from austenitic range fol- 
lowed tempering. Composition and 
structure, mechanical properties, weld- 
ability, high-temperature characteristics, 
fabrication and applications 
cussed. Specification permits maximum 
0.30 nickel. Graphs show: rate 
expansion contraction; typical stress- 
strain curve; V-notch Charpy-impact 
curves (from —80 C); and effect 
testing temperature 0.2% proof 
stress. Tables show effect type 
electrode and effect preheat heat- 
affected zone cracking (results 
17796 


6.2.5, 4.2.1, 5.3.4, 5.9.4 

Study Corrosion Resistance 
Aluminized Steel the Atmosphere. 
(In Japanese.) Sadao Horiguchi and 
Atsumi Ohno. Metal Finishing Soc., 
Japan, 11, No. 41-44 (1960) 

Corrosion resistance 99.7% alumi- 
nized steel, galvanized steel, chrom- 
ium stainless steel and chromium, nickel, 
copper, brass zinc electroplated steel 
was studied for years seaside, rural 
and industrial districts. 

Aluminized steel showed good 
corrosion resistance pure aluminum 
(for each district). Anodized aluminized 
steel kept specially bright surface. 
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6.2.5, 4.3.2, 3.7.3 

Study 17-7 Stainless Steel (2nd 
Report) Corrosion Resistance 17-7 
Stainless Steel Containing 0.7% 
Aluminum Aqueous Solution Sul- 
furic Acid and Nitric Acid, (In Japa- 
nese.) Sato and Furukawa. Paper 
before Jap. Inst. Met., April, 1957. 
Jap. Inst. Met., 22, No. 11, 604-608 
(1958) Nov. 

aqueous solutions wt.% sul- 
furic acid (30 and wt.% nitric 
acid (boiling), the corrosion test was 
carried out with chromium-7 nickel 
stainless steel specimens containing 
0.73 aluminum after having been cold- 
rolled 50-70% reduction and sub- 
sequently heat treated 300-600 for 
various hours. Corrosion resistance 
50% cold-rolled specimen wt% 
sulfuric acid solution was almost equal 
that 18-8. the same solution, 
the corrosion resistance this type 
stainless steel cold-rolled 50-70% 
reduction and heat treated 400 for 
hours, 450 for hours and 500 
for hour showed the minimum value. 
The above time for the heat treatment 
was shorter than that required for ob- 
taining the maximum hardness res- 
pective heat treating temperature. 
wt% nitric acid solution, the corrosion 
loss cold-rolled and heat treated 
specimen 17-7 steel was almost equal 


6.2.5, 4.3.2, 3.4.7, 4.6.1 

Corrosion AISI Type 304 Stainless 
Steel High Temperature Borated 
Water. Krieg and Cytron. 
Westinghouse Electric Corp. for Yankee 
Atomic Electric Co. Atomic 
Energy Commission Pubn., YAEC-68, 
December, 1958, pp. Available from 
Office Technical Services, Washing- 
ton, 

Corrosion Type 304 stainless steel 
water containing boric acid 600 
and 2000 psig and flow velocity 
seven feet per second was investigated 
function boron concentration and 
alkalinity. boron concentration 
trolled with lithium hydroxide, trend 
corrosive attack with time was found 
after the first two days. concen- 
tration ppm boron with 
control (pH regression type 
equation the form log (t), 
was found express the relationship 
between corrosive attack and exposure 
time. similar relationship was found 
1600 ppm boron with the value main- 
tained using lithium hydroxide. 
evidence microstructural attack 
was observed coupon specimens 
under any the conditions tested. The 
effects surface finish and position 
were studied. The effect orientation 
the rolling direction coupon speci- 
mens with respect the direction 
fluid flow was also investigated. (auth)— 


NSA. 18763 


6.2.5, 3.7.3, 3.7.4 

Influence Stabilizing with Colum- 
bium the Resistance 18% Chrom- 
ium and Nickel Stainless Steel 
Against Intercrystalline Corrosion. (In 
Czech.) Vladimir Cihal and Rudolf 
Pospisil. Hutnické Listy, 13, No. 12, 
1092-1098 (1958) Dec. 

Authors studied 18/9/niobium steels 
the correlation between the abnormal 
heat treatment very high tempera- 
tures and their intercrystalline corrosion 
following heating the range tem- 
peratures between 550 and 850 They 
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ascertained that the main reason for in- 
tercrystalline corrosion would the 
solution niobium carbides and follow- 
ing precipitation (Cr, chrom- 
ium carbides grain boundaries. Com- 
pared with the solubility titanium 
carbides with titanium stabilized 
steels, the solubility niobium carbide 
18/9/Nb steels little lower. con- 
siderably higher stoichiometric 
niobium content with respect carbon 
content the solubility niobium carbide 
diminishes similarly titanium steels 
but the quantity ferrite grows more 
than increasing titanium content. 
temperatures beneath 800 dangerous 
formation occurs steels with high 
niobium content. The unfavorable 
fluence high homogenizing tempera- 
ture the intercrystalline corrosion 
18/9/Nb steels can eliminated 
950 18849 


6.2.5, 3.2.2, 3.6.6, 3.8.3 

Corrosion Resistance Stainless 
Steels. Pt. Pitting Corrosion. (In 
Italian.) Giampiero Colombo. 
Inossidabile, 26, 5-12 (1959) Jan.-Feb. 

Mechanism, electrochemical reac- 
tions, formation galvanic couples, pas- 
sivation, development 


19064 


6.2.5, 4.6.3, 3.5.8 

Susceptibility AISI 410 Stress 
Corrosion Cracking High Tempera- 
ture, High Purity Water. Henry Suss. 
Knolls Atomic Power Lab. 
Atomic Energy Commission Pubn., 
KAPL-M-HOS-6, February 16, 1959, 
pp. Available from Office Tech- 
nical Services, Washington, 

AISI-410 stainless steel tempered 
being considered the material for 
highly stressed part 
taining member contact with high- 
purity, high-temperature water. The 
AISI-410 did not indicate susceptibility 
stress-corrosion cracking hydrogen 
ammoniated (pH 8.5 9.5) hydro- 
gen-lithium hydroxide waters (pH 11) 
300 for six months exposure. 
Nickel and chromium plates were also 
tested for stress-corrosion cracking 
the same systems. Results are included. 


—NSA. 18569 


6.2.5, 3.5.8 

Corrosion Resistance Stainless 
Steels. Pt. Stress Corrosion. (In 
Italian.) Giampiero Colombo. Acciaio 
25, 173-185 (1958) Nov.- 

ec. 

Nature stresses and resulting frac- 
tures; examples 
methods prevention. references.— 
RML. 18850 


6.2.5, 3.8.2, 3.8.3, 3.2.2 

Electrochemical Study Corrosion 
Stainless Steel. (In French.) 
Defranoux. Corrosion Anticorrosion, 
363-372 (1958) October. See Also: 
Bull. Soc. Francaise Electriciens, 174- 
181 (1958) March. 

Theory electrochemical testing; 
procedures and 
general and localized corrosion stain- 
less steels; pitting. 

18826 


Behavior Cast Iron Alloys Under 
(In German.) Gerhard Bienia. 
Freiberger Forschungsh., No. 59- 
108 (1958). 
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simulate service conditions under 
cavitation, for example, turbine 
blades, samples were exposed the 
impingement water drops. the 
addition appropriate alloying ele- 
ments, magnesium treatment, permanent 
mold casting, heat treatment 300 
the behavior under cavitation 
improved. 18858 


6.2.5, 3.5.8 

Study Methods for Prevention 
Chloride Stress Corrosion Aus- 
tenitic Stainless Steel. Progress Reports 
II, Memo Reports 133, 134, 135. 
McGoff and Glaser. MSA 
Res. Corp. June 20, July 15, August 20, 
1958; pp., pp., pp. Contract NObs- 
65426. Available from MSA Research 
Corp., Callery, Pennsylvania. 


Stainless steels are susceptible 
stress corrosion cracking when exposed 
chloride-bearing water. The cracking 
nuclear naval vessel piping could 
produced from bilge waier splashing in- 
sulated piping, permeating the insulation 
and eventually contacting the pipe wall. 
This project investigate the oc- 
currence chloride stress corrosion 
Type 304 stainless steel pipe from this 
action and evaluate methods which will 
inhibit attack. solution the problem 
being sought experimental pro- 
cedure and from survey industrial 
experience. (auth)—NSA. 18889 


6.2.3, 5.3.2, 4.3.2, 4.3.6 

Corrosion Nickel Coated Mild 
Steel. Banerjee. Electrochem. 
Soc., 107, 80-82 (1960) Feb. 

hydrochloric acid solution, nickel- 
coated steel 210 orientation has the 
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best resistance corrosion. neutral 
sodium chloride solution, appreciable 
difference the dissolution rate ob- 
served, 19624 


6.2.5, 3.2.2, 4.6.1 

Autoclave Testing Type 304 Stain- 
less Steel. Task Phase Phil- 
lips. May, 1958, pp., Contract DA-44- 
Available from Martin 
Co., Baltimore, Maryland. 


AISI Type 304 stainless steel U-bend 
test specimens were subjected corro- 
sive water rocker autoclaves. One 
sample was suspended the vapor 
phase and the other sample the water 
phase each autoclave. Water chemis- 
try was statistically varied. Consistent 
test results were attained careful con- 
trol the autoclave atmosphere. was 
determined that oxygen and chlorides 
the water were the only variables 
which contributed the cracking test 
specimens. The chloride level for crack- 
ing dependent test time, while the 
oxygen level appears independent 
test time. Results indicate that high 
oxygen level will not allow cracking 
lower chloride levels, and conversely. 
This contradiction some the 
literature. The oxygen level necessary 
induce cracking was found ap- 
proximately 4%. Test results also in- 
dicate that oxide film formation 
stainless steel may sufficient in- 
duce stress corrosion cracking the 
presence chlorides, even the en- 
vironmental oxygen concentration 
low. The most significant result this 
work was the surprisingly high concen- 
tration oxygen which was necessary 
induce cracking. This suggests the 
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Paper Title and Author 


12 The Effect of Redox on Refinery Corro- 
Hughes. 


18 Painter Safety, by L. S. Hartman, 


23 Versamid-Epoxy Coatings—Corrosion 
Applications, Harold Wittcoff, Don 
Floyd, David Glaser and Conald 
L. Andersen. 


Protective Coatings for High Tempera- 
ture Service, by Gatewood Norman. 


29 A Method for Prevention of Hydrogen 
Embrittlement of Tantalum in Aqueous 
Bishop and Milton 
tern. 


Titanium—Use Oil Production Equip- 
ment, Ricardo Molina and 
Jessen. 


32 The Casing Inspection Tool, An Instru- 
ment for the In Situ Detection of Ex- 
ternal Casing Corrosion in Oil Wells, 
by T. R. Schmidt. 


Basis for Design Aluminum Alloys 
for High Temperature Water Service, 


Inhibition Studies Reactor Decon- 
taminants, by Ronald D. Weed. 


The Use Pipe-To-Soil Potential 
Analyzing Underground Corrosion Prob- 
lems, Bernard Husock. 


Paper Title and Author 
No. 


The Electrochemical Approach Cavi- 
tation Damage and Its Prevention, by 


Corrosion Superalloys High Tem- 
peratures in the Presence of Contami- 
nating Salts, Moskowitz and 
Redmerski. 


Iron Sulphate for Condenser Tube Con- 
trol, by T. W. Bostwick. 


Plastic Pipe Systems For Corrosion Re- 
sistance, Allyn Webb and 
Johnson, 


New Design for Reinforced Plastic 
Humphrey. 


Theory and Application Deep Ground 
Beds, by J. F. Tatum. 


Shot Peening for Protection Against 
Stress Corrosion Cracking, by Henry 
Suss. 


Corrosion Measuring Sensors for Ships, 
by David Roller, Wilard R. Scott, “¢ 
Herman Preiser and Frank Cook. 


Cavitation Erosion and Behavior 
ran, Jr. 


85 Gasketing For Corrosive Service, by 
Chas. M. Hobson, Jr. 


Send orders and remittance to: NACE, 1061 Bldg., Houston 


Texas, USA. 


possibility that untreated water can 
used safely adequate deaeration 
the boiler provided. Carbon steel 
samples were subjected severe en- 
vironmental conditions without crack- 
ing. General corrosion resistance was 
poor. Recommendations were made 
the test environment the miniature 
heat exchangers which are tested 
follow-up the autoclave program. 
(auth)—NSA. 19392 


6.2.5, 3.5.8, 3.7.2, 6.3.10 

Effect Composition Stress Cor- 
rosion Cracking Some Alloys Con- 
taining Nickel. Copson. pp. 247- 
272 “Physical Metallurgy Stress 
Corrosion Fracture. Metallurgical So- 
ciety Conferences.” Book, 1959, Inter- 
science Publishers, New York 
New York. 

Effect alloys containing 80% 
nickel with chromium held 
20%, with the balance essentially iron. 
Tests carried out boiling MgCl and 
NaOH solution and hydrofluoric acid. 
Effect cold work cracking time. 
19700 


Chromium Distribution Around Grain 
Boundary Carbides Found Austenitic 
Stainless Steel. Hopkinson and 
Carroll. Inco. Nature, 184, No. 
4679, 1479-1480 (1959) Nov. 


determined electron probe scan- 
ning and X-ray intensity measurements, 
the chromium depletion around carbides 
sensitized Type 310 very shallow 
carbide precipitates. Graph, photomicro- 
19218 


6.2.5, 4.3.2 

Nitric Acid Corrosion Austenitic 
Stainless Steels. West. Applied 
Chem., Pt. 1-10 (1959) Jan. 


Eleven 18/8 titanium steels and one 
18/8 molybdenum/titanium steel were 
tested 30% nitric acid different 
experimental techniques, before and after 
2-hr. sensitizing heat treatment 650°. 
Only one the techniques, that em- 
(see Card No. 12011, classified 6.2.5, 
3.7.2, 3.7.3) has close relevance nitric 
acid plant conditions, although differ- 
ent treatment experimental results 
recommended. Corrosion rate after prior 
sensitization 650° determined 
thickness layer exfoliated material 
dissolving its outer surface fast 
reached until third week test. Influ- 
ence carbon content and titanium/ 
carbon ratio are considered. Composi- 
tions specimens and corrosion rate 
data are tabulated and corrosion rate/ 
time curves shown. references. 


—INCO. 18585 


6.2.2, 3.8.4 

Structure the Interface Between 
Iron and Iron Oxide. Insolubility 
Oxygen Iron Refined Zone Melt- 
ing. (In French.) Sifferlen. Paper 
from ‘Symposium Solid State Diffu- 
sion.’ pp. 137-145, 1959. Centre d’Etudes 
Nucléaires Saclay, Gif-sur-Yvette 
(Seine Oise), France. 


High-purity iron exposed hy- 
drogen atmosphere containing water. 
Under the oxide layer, thin metallic 
zone showing structural irregularities 
was discovered. Its structure well 
diffusion oxygen are influenced 
degree purity. references—RML. 
18618 
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Intergranular Corrosion Austenitic 
Chromium-Nickel Steel After Long- 
Time Stress Between 450 and 800 
(In German.) Hans Joachim Wiester 
and Guenther Pier. Arch. Eisenhuttenw., 
30, No. 293-297 (1959) May. 


Resistance intergranular corrosion 
high-alloy austenitic chromium- 
nickel steels with 18% chromium and 
nickel, with without titanium 
niobium; 18% chromium, 
and molybdenum, with without 
titanium niobium; 16% Cr, 13% 
with molybdenum, vanadium 
bium; 16% chromium, 16% nickel and 
molybdenum with niobium, was 
tested after quenching from various tem- 
peratures between 950 and 1300 and 
after heat treatment—RML. 18619 


6.2.5, 3.2.2, 2.3.6, 2.3.9 

Precipitation Austenitic Chromium- 
Nickel Steels and Its Effect Inter- 
granular Corrosion. (In German.) Hans 
Joachim Wiester, Hans-Jurgen Schueller 
and Paul Schwaab. Arch. Eisenhuttenw., 
30, 299-308; disc., 308-309 (1959) May. 

Electron microscopic and electron dif- 
fraction investigation precipitation 
and the tendency intergranular corro- 
sion two austenitic chromium-nickel 
steels. Intergranular corrosion suscepti- 
bility always connected with the ap- 
pearance chromium carbides 


grain boundaries. 
18620 


6.2.5, 4.3.2, 3.7.4, 3.2.2, 3.4.8 

General and Intergranular Corrosion 
Austenitic Stainless Steels Acids. 
Effect Cations the Acids and the 
Influence Heat Treatment and Grain 
Size the Steel. Michael Streicher. 
Electrochem. Soc., 106, No. 161-180 
(1959) Mar. 


Corrosion stainless steels nitric 
acid determined largely the crys- 
tallography grain boundaries. There 
preferential attack even annealed 
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on Copper and Copper Alloys. A 
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Corrosion Products. Pub. 59-13. Per Copy $1.50. 


T-3B Bibliographies Corrosion Prod- 

ucts. Section Three—A Report 
NACE Technical Unit Committee T-3B Cor- 
coe Products. Publication 60-4. Per copy 


T-3B The Analysis and Composition 

Aluminum Corrosion Products. A 
Report NACE Technical Unit Committee T-3B 
Corrosion Products. Publication 60-5. Per 
copy $1.75. 
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steels. Increasing the rate dissolution, 
either anodic current oxi- 
dizing cations, intensifies intergranular 
penetration. The same crystallographic 
factors which determine preferential cor- 
rosion also determine the precipitation 
chromium carbides. Their presence 
leads very great intensification 
intergranular attack, does sigma phase, 
even invisible, pre-precipitation 
constituent. 

Oxidizing cations, such 
and increase the corrosion stain- 
less steels nitric acid cathodic de- 
polarization, shifting the. open-circuit 
potential cathodic areas toward more 
noble values and, probably, depolari- 
zation anodic areas. 

Ferric ions ferric sulfate-sulfuric 
acid solution greatly inhibit general, 
grain-face corrosion anodic polariza- 
tion. place the reduction hydro- 
gen ions and the evolution hydrogen 
gas cathodic areas, ferric ions are re- 
duced. The consumption ferric ions 
electrochemically equivalent the 
weight steel dissolved. steels con- 
taining intergranularly precipitated chro- 
mium carbides, intergranular attack 
leads dislodgment grains and 
readily detectable weight loss. 

Intergranular attack copper sulfate- 
sulfuric acid greatly accelerated 
metallic copper immersed simultaneously 
with the stainless steel specimen. 

The influence grain size inter- 
granular corrosion depends 
method used for measurement, change 
electrical resistance weight-loss 
and composition the corroding acid 
solution. 

Dissolution stainless steels all 
three acid solutions predominantly 
under anodic control. The difference 
grain surface corrosion and intergran- 
ular penetration susceptible bounda- 
ries attributed primarily lower 
anodic polarizability the metal 
such grain boundary zones rather than 
any difference which may exist the 
open-circuit potentials grain surfaces 
and grain boundaries. 18658 
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Purity Water. Five Contributions to 
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6.2.5, 3.7.2 

Study Type Chromium-4 Nickel- 
4-Copper Stainless Steel. 3rd Report. 
Effect Carbon and Copper with Ni- 
trogen Properties Cold-Rolled 17- 
Chromium-4 Nickel-4 Copper Steel. 
Tanaka and Sato. Paper before Japan 
Inst. Met., October, 1958. Japan Inst. 
Met., 23, No. 104-108 (1959) Feb. 

0.10% and copper together 
with 0.17 nitrogen the Type chro- 
mium-4 nickel-4 copper stainless steel 
was investigated make improvement 
mechanical and corrosion resisting 
properties the steel after cold-rolling 
and subsequent precipitation-hardening. 
With increase carbon and copper con- 
whereby the amount retained austen- 
ite was increased and the aging charac- 
teristic was improved. The corrosion re- 
sistance the steel boiling sul- 
furic acid and nitric acid solutions 
was not much degraded addition 
copper with nitrogen was tem- 
pered 440 after cold rolling. How- 
ever addition carbon the steel 
deteriorated markedly its corrosion re- 
sistance. has been found this ex- 
periment that the addition carbon 
the steel not desirable, and the best 
result can obtained from steel with 
composition 
copper-0.17 18615 


6.3 Non-Ferrous Metals 
and 


6.3.15, 3.6.8, 3.8.3 

Electrochemical Behavior and Passiv- 
ity Titanium. Milton Stern and Her- 
man Wissenberg. Union Carbide Metals 
Co. Electrochem. Soc., 106, No. 
755-759 (1959) Sept. 

the active condition, corrosion 
titanium controlled activation po- 
larization. The metal presents surface 
with low exchange current for va- 
riety electrochemical reactions. Low 
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exchange currents are not conducive 
establishment passivity. However, 
this overcome unusually active 
critical potentials for passivity. This ac- 
counts for the ease with which titanium 
passivated many substances which 
are only slightly oxidizing. also ex- 
plains the ease with which the metal 
can protected anodically galvanic 
coupling other metals alloys. 
Anodic deposition thick titanium oxide 
films observed under some experi- 
mental conditions. 18559 


Tarnishing Reactions Silver Io- 
dine Atmospheres. Donald Smyth 
and Marjorie Cutler. Sprague Electric 
Co. Electrochem. Soc., 106, No. 
107-113 (1959) Feb. 

Tarnishing silver halogen vapors, 
particularly iodine vapor, been 
studied function reaction tem- 
perature, halogen pressure, silver purity, 
and concentration foreign vapors 
the halogen atmosphere 
times several hours. The reaction 
temperature range studied was 25-150 
for reactions iodine and 200° 
bromine and chlorine. pure halo- 
gen vapor the reactions follow the 
miliar parabolic rate expression and are 
proportional the square root the 
halogen pressure. the presence 
small partial pressures water car- 
bon tetrachloride vapor, however, the 
tarnishing rate suppressed and in- 
dependent the tarnish film thickness. 

18605 


6.3.6, 3.2.2 

Removal Zinc from Beta-Brass 
During Corrosion. (In French.) Romain 
Kleinberger, Hiroshi Okuzumi and Pierre 
Perio. Métaux Corrosion Industries, 35, 
40-43 (1960) Jan. 

thin foil beta-brass given 
constant potential 0.8 volts and sub- 
jected attack sodium chloride 
solution. the liquid precipitate 
and forms. After the 
removal Zn, the foil consists pure 
copper. references.—RML. 20058 
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$1.50; Non-members $2.00 Per Copy. 
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6.3.14, 8.3.5 

Influence Anthocyanins the Cor- 
rosion Tin Plate. (In Czech.) Vilem 
Simak. (Packings), No. 124- 
126 (1959) July-August. 

reconstruct the processes occur- 
ring food preservation, steel elec- 
trode and tin electrode 
circuited and exposed anthocyanins. 
Corrosion the tin electrode increases 
with the anthocyanin concentration. 
references.—RML. 18596 


6.3.10, 3.5.9, 3.8.4 

Oxidation Nickel-Cobalt Alloys 
the Range Curie Temperatures. 
Smeltzer. Carnegie Inst. Tech. 
Acta Metallurgica, 191-198 (1959) Mar. 

Surface oxidation kinetics metallo- 
graphically polished nickel-cobalt alloys, 
10.5 and 25.1% cobalt, have been studied 
the temperature range 400 800 
using vacuum microbalance technique. 
The alloy largest cobalt concentration 
oxidized most rapidly. The oxidation 
rates have been represented, first 
time laws. the temperature range 
the second order magnetic transforma- 
tion below the Curie temperature, the 
Arrhenius temperature coefficients the 
rate constants demonstrate continuous 
proposed, with results 
for nickel oxidation datum, that these 
variations are caused electronic prop- 
erties the metal substrate, in- 
fluence the rate determining reaction 
step metal ion diffusion through the 
surface oxide layer. (auth)—NSA. 18597 


6.3.6, 

Arc-Welding Tube Conduits 
Copper-Nickel Alloys. (In Russian.) 
Smirnov. 
(Welding Production), 32, No. 35-37 
(1959). English Translation Journal 
Available from: British Welding Re- 
search Assoc., Park Crescent, Lon- 
don, England. 

iron 
alloy was developed for 
poses, where the pumping sea-water 
high rates and pressures causes severe 
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T-2B-4 Fourth interim Report Use 
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A Report of Technical Unit Committee T-2B, 
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Some Observations Cathodic 

Protection Potential Criteria in 
Localized Pitting. Report T-2C Minimum 
Current Repuirements for Cathodic Protection. 
Pub. 54-2. Per Copy $1.50. 


Some Observations Cathodic 
Protection Criteria. A contribution 

to the work of NACE Technical Unit committee 

T-2C. Publication No. 57-15. Per Copy $2.00. 


Criteria for Adequate Cathodic 

Protection of Coated, Buried, Sub- 
merged Steel Pipelines and Similar Steel Struc- 
tures. A Report of NACE Technical Unit Com- 
mittee T-2C on Criteria for Cathodic Protection. 
Pub. 58-15. Per Copy $1.50. 


Methods for Measuring Leakage 
Conductance Coating Buried 
or Submerged Pipe Lines—A Report of Tech. 
Unit Committee T-2D on Standardization of Pro- 
cedures for Measuring Pipe Coating Leakage 
Conductance. Pub. 57-27. Per Copy $1.50. 


T-2G Tentative Recommended Specifica- 
tions and Practices for Coal Tar 
Coatings for Underground Use. A Report of Tech- 
nical Unit Committee T-2G on Coal Tar Coatings 


for Underground Use. Per Copy $1.50. 


electrodes 110-200 


Study the Corrosion Resistance 
Pb-Si and Pb-Sb-Si (In Jap- 


anese.) Terasawa. 
Metal, 23, No. 194-198 (1959) Mar. 


Systematic study corrosion-resist- 
ance lead-silicon and lead-antimony- 
silicon alloys sulfuric acid, hydro- 
sulfate 
mixed solutions. Lead-silicon alloys 
were found less resistant than lead. 
Lead-antimony-silicon alloys were 
perior lead-antimony alloys. Corro- 
sion rate lead-silicon alloys varied 
considerably with silicon content (in the 
range 0.008-0.017%) and was inde- 
pendent concentrations and tempera- 
tures acid solutions. Corrosion resist- 


chloric acid and ammonium 


ance was best sulfuric acid solution; 


hydrochloric acid solution, the resist- 
ance improved with silicon content while 
ammonium sulfate solution, the corro- 


sion rate showed almost constant value 
independent the silicon content. 
Corrosion rate lead-antimony-silicon 


alloys varied considerably with antimony 


content the range less than 1%; 


alloys 


antimony-silicon 
resistance than lead-antimony alloys, 
and hydrochloric acid and ammonium 
sulfate, corrosion resistance lead-anti- 
mony-silicon alloys improved with anti- 


mony content.—JSPS. 18661 


6.3.15, 7.2, 4.3.2, 8.10.2 

Titanium Valves and Piping. Resist 
Corrosive Slurry 500 Weyer- 
muller and Engle. Chem. Proces- 
sing, 22, No. 113-115 (1959) Nov. 

After test work indicated 
nium was only high-strength metal able 
resist destructive action leach so- 
lutions 525 psi over full range 
temperatures, titanium piping and valves 
were installed Moa Bay Mining Co. 
nickel-cobalt plant where solutions con- 
tain 2-5% free sulfuric acid, and Port 
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cavitation erosion copper tubes. Tubes 
and flanges wall thicknesses 2.5-5 
were welded with and mm-diameter 
18600 
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Nickel, Louisiana, plant where solutions 
contain 1.5-2.0% free sulfuric acid and 
more than 10% dissolved nickel sulfate. 
Details valves and piping are given. 
—INCO. 18705 


6.3.8, 3.6.5 

Corrosion Insoluble Lead Anodes 
Zinc Sulfate Solutions. (In Japanese.) 
Yuuichi Imai. Metal Finishing Soc., 
Japan, 10, No. 21-26 (1959) Jan. 

Anodic corrosion pure lead and 
lead alloys zinc sulfate electrolyte was 
studied clarify anodic behaviors 
lead surface measuring anode poten- 
tial, weight loss, etc. 

Results were follows. was found 
that weight loss was closely related 
the anode potential and increased with 
increasing anodic potential. The length 
sulfation time pure lead and lead 
alloys was approximately proportional 
the weight loss. Lead-silver, lead-cal- 
cium and lead-tellurium were superior 
pure lead. the other hand, lead- 
arsenic and lead-antimony were inferior 
pure lead. 17714 


6.3.15, 4.3.2 

Titanium vs. Stainless Chemical 
Processing Equipment. Wirta. 
Hanford Atomic Products—Gen. Elec. 
Modern Metals, 15, No. 78, 80, 
(1959) March. 

basis Huey test (boiling 65% 
nitric acid) corrosion titanium 
1.10th that stainless steel; boiling 
aqua regia five-thousandth that 
stainless. Examples use titanium 
Hanford are described. Prototype ti- 
tanium tube heat exchanger for use 
product concentrator concentrated 
nitric acid stream 
steel tubes factor almost Tita- 
nium was used for 200-gallon dissolver 
tank, acid receiver tank, condenser, jets, 
valves and piping process whereby 
stainless steel jackets were removed 
from spent reactor fuel elements dis- 
solution boiling dilute regia. 
Fabrication this equipment helped 
development on-site welding which 
discussed. Cost factors are evaluated. 
Even using highly conservative life 
expectancy factor for titanium compared 
with stainless steel, stainless found 


6.3.19, 3.8.3, 3.7.2, 3.6.8 
Film Resistance and Polarization 
Characteristics Zn-Al Galvanic An- 
odes. (In Japanese.) Hayata Shigeno and 
Hisao Yoshino. Corrosion Engineering 
(Japan), No. 28-32 (1958), Nov. 
Zinc and zinc alloys, prepared 
adding 0.1 1.0% aluminum various 
grades zinc, were tested under labora- 
tory condition. Specimens were main- 
tained anode with the constant cur- 
rent density 1.0 mA/cm? artificial 
sea-water room temperature for more 
than 1000 hours. Through 
anodic potentials were measured, and 
finally film resistances and weight losses 
were determined. Results obtained were 
follows: (1) The tendency become 
passive lower-purity zinc ascribed 
the film resistance surface and the 
increased anodic polarization caused 
the film. (2) the case lower-purity 
the addition aluminum the 
range 0.2~0.7% extremely reduced 
the film resistance, even the degree 
further less than those special high- 
purity zinc such zinc. When 
its addition exceeded this range the film 
resistance began increase again. (3) 
the case high-purity zinc, the opti- 
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mum range aluminum content moves 
rather smaller value such 0.1~ 
0.2%. 17708 


6.3.16, 3.7.2, 4.3.2, 4.3.3 

Sintered High-Melting-Point Tung- 
sten Alloys. Richard Kieffer, Karl Sed- 
latschek and Horst Braun. Metall- 
kunde, 50, No. 18-24 (1959). (In Ger- 
man.) 

Literature the properties sin- 
tered binary alloys tungsten with 
titanium, zirconium and hafnium, chro- 
mium and molybdenum, rhenium, the 
platinum-group metals osmium, rhodium, 
ruthenium, iridium and platinum, and 
niobium and tantalum, are reviewed and 
discussed relation the position 
the second component the Periodic 
Table, viz., Groups Tung- 
sten-tantalum alloys were prepared 
presintering the green compacts 2250- 
mercury, and then raising the tempera- 
ture 2500 for hrs, and increasing 
the vacuum 10° mercury. The 
hardness the sintered alloys (having 
approaching 95% the theoretical) 
rises with increasing tantalum content, 
maximum 40-50%, and thereafter 
decreases; specific electrical resistance 
rises maximum ~60% tantalum 
and then decreases. Solid-solution for- 
mation appears occur initially sur- 
face diffusion, that tantalum tung- 
sten being predominant; completely 
homogeneous solid-solution alloys are 
obtained only after 12-15 hrs 2600 
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NACE Technical Unit Committee T-6A 
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Copy $1.50. 


T-6A Report Application Techniques, 
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Corrosion. (Pub. 56-6.) Per Copy, $1.50 
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Corrosion-resistance to: and hot 
50% potassium hydroxide maximum 
and 70% tantalum, and minimum 
60% tantalum, and (2) hot potassium 
hydroxide: increases stead- 
ily the tantalum content rises 90%. 
Alloys containing 85% tantalum 
are passive cold 20% hydrofluoric 
acid but thereafter corrosion increases 
with increasing rapidity the tantalum 
content rises 90%. All compositions 


6.3.16, 3.8.4, 3.5.9 

Study the Kinetics High-Tem- 
perature Oxidation Tungsten the 
Normal and Worked Condition. (In Rus- 
sian.) Lavrenko and Frantse- 
vich. Akad. Nauk Ukrain. S.S.R., Vop- 
rosy Poroshkov. Met. Prochno, Mat., 
42-52 (1958). 

Lavrenko and Frantsevich continu- 
ously measured the weight-gain tung- 
sten specimens, both untreated and sub- 
jected 40% preliminary deformation 
compression, heated for hrs. 
temperatures ranging from 500 900 
this range, oxidation followed the 
parabolic law both cases. all tem- 
peratures except 650 the oxidation- 
rate constant for the induction period 
was lower than that for the stabilized 
period. Equations for the temperature- 
dependence the oxidation-rate con- 
stant are derived, and the results are 
discussed terms the thermodynamic 
theory 

18887 
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Relative Corrosion Resistance 


Basic Oxygen Steel and Open-Hearth 


Introduction 


ORROSION resistance basic 

attention recent years. Rumor, opinion 
and supposedly fact have all indicated 
that the over-all corrosion resistance 
basic oxygen steel somewhat superior 
that steel produced present day 
conventional methods. 


Basic oxygen steel produced the 
addition oxygen open-hearth, Bes- 
semer converter and electrical furnace 
steel—the oxygen greatly increasing the 
speed production. the open-hearth 
furnace, oxygen may injected directly 
into the melt where combines exo- 
thermically with the impurities the 
iron and increases decarbonization. 
also possible use oxygen enrich the 
air which supports combustion the 
fuels used the open-hearth furnace, 
thus giving hotter flames which transfer 
their heat the melt much better. 


Theoretically, since the use oxygen 
would tend remove many the im- 
purities found steel produced pres- 
ent methods, would seem probable that 
improved corrosion resistance could 
anticipated. However, actual data 
substantiating this resistance have been 
made generally available the chemical 
industry. view the above, prelimi- 
nary corrosion evaluation tests were un- 
dertaken various corrosive media, 
determine basic oxygen steel actually 
more corrosion resistant than open-hearth 
steel. 


Experimental Procedure 


Tests were run duplicate specimens 
open-hearth steel, conforming 
ASTM-A-53, and basic steel, 
ASTM-A-120, obtained from major 
steel producer. Both specimens had 
exposed surface area and 
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Hooker Chemical Corp., Niagara Falls, New 
York. 


were totally immersed (other than at- 
mospheric test) various corrosive en- 
vironments for period days 


(Table 1). 


Prior testing, specimens were cut 
and machined equal exposed surface 
area. They were then pickled inhibited 
muriatic acid remove mill scale and 
provide uniform etched surface, washed 
with mild abrasive soap, rinsed with 
water and acetone, then degreased 
trichlorethylene vapors and placed 
dessicator dry. Specimens were then 
weighed analytical balance 
1/10th milligram and the data 
recorded. 


After days test, specimens were 
cleaned conventional cleaning meth- 
ods, every possible precaution being 
taken eliminate any 
moval metal due cleaning. Test 
specimens were washed with mild abra- 
sive soap, rinsed with water and acetone, 
degreased trichlorethylene vapors and 
placed dessicator dry, reweighed 
and data recorded. The steel samples 
were then evaluated visually and under 
magnification power) observe 
corrosive attack. Corrosion rates mils 
per year were calculated and statistically 
evaluated obtain final results. 


Discussion 


Statistical analysis results shown 
Table indicates that there signi- 
ficant difference corrosion resistance 
basic oxygen compared with open- 
hearth steel any the corrodents 
tested, except perchloric acid and pos- 
sibly dry chlorine. was interesting 
note that perchloric acid most the 
attack, although very severe first, oc- 
curred during the first few hours test- 
ing. Hydrogen evolution was quite vig- 
orous, subsiding after few hours. 
hydrogen evolution any consequence 
could observed after the first day and 
for the remainder the test. Steel ap- 


Abstract 
Tests were made in various corrosive 
environments to compare the corrosion 
resistance of open hearth steel with basic 
oxygen steel. Media which the 40-day 
tests were run include sodium hydroxide 
plus sodium chloride, chloride 
alone, steam, steam condensate, city 
water, potassium hydroxide, chlorine, per- 
chloric acid and surfuric acid. Results did 
not indicate any substantial differences 
in corrosion resistance of the two steels 
although basic oxygen steel may have a 
slight advantage for perchloric acid and 
chlorine exposure. 6.2.3 


parently becomes passive 
under these conditions. 

Results indicate that basic oxygen steel 
may somewhat better for dry chlorine. 
However, variance the duplicate re- 
sults was questionable and further test- 
ing would required statistically 
significant. 

Visual observation and microscopic 
examination showed that attack was uni- 


TABLE 1—Corrosion Rates Basic Oxygen 


Corrosion Rate, 
Mils Per Year 
(Average of Two Results) 


Corrosive 
Environment 


St S 
(40 Days in Test) I 


teel 
ASTM-A-53| ASTM-A-120 


7 11. 
NaCl @ 60C.... 8. 
Steam @ 100C a 


0 
3 
6 


Steam Condensate 
@ 100C 


Moderate Velocity... . 
50% NaOH @ 7IC... 


20% KOH @ 83C.... 

30% KOH 
Chlorine, Dry @ 25C.. 
Plant River Water @ 
2C, Moderate 
Velocity 


Atmosphere, Chemical 
Plant 

98% H2SO4 @ 

72% HC10O4 @ 25C... 


JR. 
-62 
1-62 
| 
-64 
Steel and Open Hearth Steel 
— 
Open 
Hearth Basic O2 : 
NaO 
62 10-11% NaOH, + 
4.4 
3.1 
1.6 
ning 
0.9 
7.3 7.4 
6.3 7.6 
99.1 75.0 
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form all environments for both steels. 
pitting localized attack was ob- 
served, Edge attack, although uniform, 
was somewhat more severe for open- 
hearth steel, whereas was less severe, 
with more refined appearance for basic 
oxygen steel. This could significant 
and may indicate that basic oxygen steel 
more resistant when exposed for longer 
periods time. 

was also noted during initial clean- 
ing that basic oxygen steel was 


active the inhibited muriatic pickling 
solution (10 percent room tem- 
perature). Specimens required longer 
soaking time and some mechanical clean- 
ing remove mill scale. 


Conclusion 


Based these relatively simple, short- 
term tests various corrosive environ- 
ments, would appear that basic oxygen 
steel cannot considered more corros- 


Any discussion this article not published above 


will appear December, 1961 issue. 


sion-resistant than steel produced 
open-hearth methods. can also con- 
cluded that the use oxygen does not 
impair the resistance this steel any 
way. Some observations indicate that 
resistance may better certain en- 
virons when evaluated over longer peri- 
ods time. Tests are being continued 
and will evaluated periodically 
determine resistance versus time com- 
paring basic oxygen steel 
hearth steel. 
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Method for Prevention 


Hydrogen Embrittlement Tantalum Aqueous Media* 


CLAUDE BISHOP and MILTON STERN 


Introduction 

ANTALUM one the most 

versatile corrosion-resistant metals 
known. Its behavior wide variety 
environments has been described 
information provides long list en- 
vironments, summarized Table 
which are claimed have significant 
corrosive influence tantalum. How- 
ever, spite this excellent record 
corrosion-resistant material corrosive 
aqueous media, tantalum susceptible 
hydrogen embrittlement. Although this 
should not inferred that tantalum 
has greater inherent tendency toward 
hydrogen damage than most other metals. 
Rather, its remarkable corrosion resist- 
ance permits exposed environ- 
mental conditions which are far too ag- 
gressive for most other metals. Under 
some these conditions hydrogen em- 
brittlement presents serious problem, 
but under others this phenomenon 
major factor the use tantalum. For 
example, tantalum not embrittled 
corrosion any concentration boiling 
hydrochloric acid, but when the severity 
the test increased raising the 
temperature 190 the more concen- 
trated solutions cause embrittlement. 
Similarly, tantalum embrittled boil- 
ing sulfuric acid solutions greater than 
about percent concentration (approx- 
imately 230 C). 

The ability tantalum absorb gas- 
eous hydrogen over wide range 
temperatures well known, and 
reported that embrittlement tantalum 
occurs room temperature 
material rapidly deformed at- 
mosphere Thus, gen- 
eral, one should avoid contact with 
hydrogen during fabrication and applica- 
tion the metal. 

When the metal used finished 
product corrosive environment, hy- 
drogen may generated directly the 
metal surface corrosion process. 
hydrogen evolution caused cathodic 
charging galvanic coupling some 
more active metal, damage may 
avoided insulating the tantalum part 
from the remainder the apparatus. 
But, electrical insulation not effective 
when the embrittlement caused 
corrosion the tantalum. 

The exact mechanism which atomic 
hydrogen enters and embrittles tantalum 
not well understood. However, 
well known that hydrogen will usually 
dissolve metal dissociating into 


%& Submitted for publication December 5, 1960. 


paper presented the 17th Annual 
ence, National Association Corrosion Engi- 
neers, Buffalo, New York, March 13-17, 1961. 


Abstract 


Purity, history, source, and heat-treatment 
have no apparent influence on the suscep- 
tibility of tantalum to hydrogen embrittle- 
ment in aggressive reducing acid media. 
However, contact of tantalum with an ex- 
tremely small area platinum appears 
be a particularly effective method for pre- 
venting embrittlement. Whereas tantalum 
is embrittled in a few hours in concen- 
trated hydrochloric acid at 190 C (374 F), 
a system with a tantalum to platinum 
area ratio of 10,000 to 1 is immune to 
embrittlement for more than 1000 hours. 
The corrosion rate of tantalum is not 
increased by such contact and, in some 
cases, actually decreases. In addition, the 
corrosion rate platinum reduced 
. negligible value by contact with tanta- 
um. 

Results of laboratory experiments are 
described in which tantalum was success- 
fully protected from embrittlement in 
highly corrosive environments at different 
temperatures, or under conditions of ca- 
thodic charging. The technique is simple, 
effective, and should 
expanding the range environments whic 
can served tantalum. 3.2.2, 6.3.13 


protons until the solubility exceeded 
and hydride forms. has been ob- 
served that distortion metal through 
cold-work greatly promotes hydrogen 
embrittlement. indicates that 
the metal lattice expanded the 
absorption hydrogen, creating stresses 
which cause the metal become brittle. 

stated previously, atomic hydrogen 
generated through galvanic coupling 
cathodic charging may prevented from 
entering the tantalum through proper 
electrical insulation. has also been re- 
ported that the embrittlement tanta- 
lum aqueous solutions may pre- 
vented electrochemically applying 
anodic current with external power 


TABLE 1—Environments Which Are Reported Have Little Corrosive Effect 
Tantalum 
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this Society. He is a past Chairman of the 
Niagara Frontier Section of NACE. His pub- 
lished work has been in the areas of cor- 
rosion, electrochemistry, reaction kinetics and 
physical metallurgy. 


CLAUDE R. BISHOP joined the Union Carbide 
Metals Company in 1918, serving as an ana- 
lytical chemist for ten years. He then became 
active in corrosion work on the development 
of nickel-base corrosion-resistant alloys and 
stainless steels. During World War II he 
was Chief Chemist of the Magnesium plant 
operated the Union Carbide Metals Com- 
pany Spokane, Washington. Recently his 
efforts have been focused the corrosion 
behavior of titanium, tantalum, columbium 
and their alloys. Mr. Bishop is a member of 
ASM and is currently Chairman of the 
Niagara Frontier Section of NACE 


Acetic acid 

Acetic anhydride 

Air, below 300 C 
Aluminum chloride 
Aluminum sulfate 
Amines 

Ammonium chloride 
Ammonium nitrate 
Ammonium phosphate 


Ethyl sulfate 
Fatty acids 
Ferric chloride 
Ferric nitrate 
Ferric sulfate 
Ferrous chloride 
Ferrous sulfate 
Formic acid 


Nitrobenzene 
Nitrous acid 
Nitrosy! chloride 
Organic chlorides 
Oxalic acid 

Oxygen, below 300 C 
Perchloric acid 
Phenol 


Ammonium sulfate 

Amy] acetate or chloride 

Antimony trichloride 

Aqua regia 

Arsenic acid 

Barium hydroxide 

Benzoic acid 

Bromine, dry, below 200 C 

Bromine, wet 

Calcium hydroxide 

Calcium hypochlorite 

Carbon tetrachloride 

Chloric acid 

Chlorinated brine 
hlorinated hydrocarbor.s 

Chlorine, dry, 175 

Chlorine, wet 

Chlorine oxides 

Chloroacetic acid 

Chromic acid 

Chrome plating solutions 

Citric acid 

Copper salts 

Ethyl alcohol 

Ethylene dibromide 


Fuming nitric acid 
Hydriodic acid 
Hydrobromic acid 
Hydrochloric acid 
Hydrocyanic acid 
Hydrogen bromide 
Hydrogen chloride 
Hydrogen iodide 
Hydrogen peroxide 
Hydrogen sulfide 
Hypochlorous acid 
Iodine, below 1000 C 
Lactic acid 
Magnesium chloride 
Magnesium sulfate 
Mercuric chloride 
Methyl chloride 
Methy] alcohol 
Methy! sulfuric acid 
Mixed acids (H2SO4-HNOsz) 
Nickel chloride 
Nickel nitrate 
Nickel sulfate 
Nitric acid 

Nitric acid, fuming 
Nitric oxides 


Phosphoric acid, <4 ppm F—~ 
Pickling acids, except PEINOs- HF 
Phthalic anhydride 
Potassium chloride 
Potassium dichromate 
Potassium iodide-iodine 
Silver nitrate 

Sodium bisulfate, sol’n 
Sodium bromide 

Sodium chlorate 

Sodium chloride 

Sodium hydroxide, dilute 
Sodium hypochlorite 
Sodium nitrate 

Sodium sulfate 

Sodium sulfite 

Stannic chloride 
Starnous chloride 

Sulfur, below 500 
Sulfur chlorides 

Sulfur dioxide 

Sulfuric acid, to 160 C 
Sulfuryl chloride 

Thiony] chloride 

Zinc chloride 

Zinc sulfate 
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various shapes and sizes through the lat- 
ter measure not always simple and 
may involve more difficulties than many 
plant operators would care undertake. 
Restoration embrittled tantalum 
ductile condition may, many instances, 
accomplished proper vacuum 
anneal. But this not always practical, 
especially when dealing with 
equipment various sizes 
Therefore, simpler means for prevention 
hydrogen embrittlement aqueous 
media are desirable. 

The ever increasing demands from the 
chemical industry for higher operating 
temperatures are expected result 
the use more tantalum under corro- 
sive conditions where 
likely occur. 

The scope this work concerned 
with the prevention hydrogen embrit- 
tlement tantalum aqueous media. 


Test Procedures 
Since only reagents which not con- 
tain strong oxidizing agents produce em- 
tantalum, was convenient 


test concentrated hydrochloric acid 
190 These tests were the basis for 
most the-experiments. obtain this 
temperature, the samples were sealed 
heavy wall borosilicate tubes containing 
milliliters acid (Figure and in- 
serted into autoclave heated resist- 
ance elements surrounding the outside. 
The desired temperature was maintained 
controller, and two thermocouples 
inserted among the tubes 
close the samples. order prevent 
the interior pressure from bursting the 
glass tubes, nitrogen gas pressure 
approximately 2000 per square inch 
was maintained the autoclave. test 
sufficient embrittle tantalum. 


Boiling solutions containing percent 
more sulfuric acid temperatures 
somewhat excess 230 also embrit- 
tle tantalum, but general, these solu- 
tions require longer test period than 
the elevated temperature test hydro- 
chloric acid. 

Corrosion tests these media well 
cathodic charging tests dilute sul- 
furic acid were employed study the 


TABLE the History Tantalum the Resistance Embrittlement— 


Tested Concentrated Hydrochloric Acid 190 


Laboratory Heat ) 
Button ) 


Condition of Material 


Cold-rolled + 30 min. ) 0.01 
at 1175 C under vacuum ) 0.02 


7 


Thickness 
in Inches 


Rate, Mils Results of 
per year) | Bend Test‘) 


Brittle 
Brittle 
0.03 ¢ Brittle 


Laboratory Heat 
Consumable Ingot ) 


Company A... 


Commercial sheet 


Company A 
Company B. 
Company B. 


Commercial sheet 
Commercial sheet 
Commercial sheet 
Commercial sheet 
Commercial sheet 
Commercial sheet 


‘ompany C 
‘ompany C 
‘ompany D. 
Company D. 


Cold-rolled + 30 min. | 
at 1175 C under vacuum ) | | 


Cold-rolled + 30 min. 0.01 
at 1175 C under vacuum 


0.C2 Brittle 


Brittle 


0.02 | Brittle 
0.03 Brittle 


0.01 Brittle 
0.03 Brittle 
0.03 | ‘ | Brittle 


0.02 ¢ Brittle 
0.02 | Brittle 
0.02 ( Brittle 

| Brittle 


(©) Tested for one 90-hour period. 


(b) Attempt made to bend sample 180 degrees (flat) after corrosion test. 


(c) Tested for one 67-hour period. 


influence such factors source and 
history the metal, heat-treatment, 
minor alloying agents, and the contact 
other metals the resistance tan- 
talum hydrogen embrittlement 
aqueous media. 


Discussion 

There are two apparent approaches 
which one might consider order 
make tantalum resistant hydrogen em- 
brittlement. The first involves modifica- 
tion the structure metallurgically 
that hydrogen the lattice would not 
detrimental, for instance, increasing 
the solubility such extent that the 
amount hydrogen that would 
charged could tolerated. The second 
entails surface treatment which would 
prevent entrance hydrogen into the 
metal lattice. 

evidenced the following experi- 


TABLE Various Minor Alloy 
Additions the Resistance Tantalum* 
Embrittlement Concentrated Hydro- 
chloric Acid 190 for Hours 


Results 
of Bend 
Test 


Corrosion 
Rate, 
mils/year 


Additions Made, 
Approx. Percent 


0.10 O2 Brittle 
Brittle 

Q(b) Brittle 

Q(b) Brittle 


Brittle 


0.071 Fe 
0.101 Fe 8(b) 


Brittle 
Brittle 


0.05 Si 9 
0.30 Si 10 


Brittle 
Brittle 


0.041 Ni 8 
0.071 Ni 9 
0.101 Ni 8 


Brittle 
Brittle 
Brittle 


Brittle 
Brittle 


0.25 Cb 10 
0.50 Cb 9 


Brittle 
Brittle 


0.07 
0.10 


0.07 W 10 Brittle 


* Button melted, cold-rolled to 0.0l-inch sheet; 
annealed 30 minutes at 1130 C under vacuum, 

(a) Attempt made to bend sample 180 degrees 
(flat) after corrosion test. 
(b) One 90-hour test period. 


TABLE Heat-Treatment the Resistance Tantalum Embrittlement Tested Con- 


As-Received 
| Corr. Result 

Rate, | of 
Source 


Laboratory 
Button Melt 


Laboratory 
Consumable 
Ingot 
Brittle 


Company A ) 
) Brittle 


) 0% ( | Brittle | 


Brittle 
Brittle 
Brittle 
Brittle 


Company 

Company 

Company C 

Company C 

Company D@ | .02 17 
Company ©) | | 26 
Company DG. ©) 20 


Brittle 
Brittle 
Brittle 


| mpy Bend“) 


centrated Hydrochloric Acid 190 for Hours 


Corr. 


Rate, 


Brittle 
Brittle 
Brittle 


Brittle 
Brittle 


Brittle 
Brittle 


Brittle 
Brittle 


Brittle 
Brittle 
Brittle 


Brittle 
Brittle 
Brittle 


Brittle 
Brittle 
Ductile 
Brittle 


Brittle 
Brittle 


Br it tle 
Brittle 
Brittle 


(a) Attempt made to bend s 
(b) One 44-hour test. 


sample 180 degrees (flat) after corrosion test. 


(ce) Cold-rolled. 


Bend®) mpy 


Result 
Rate, of 
Bend) 


o 
Bend) 


Brittle 
Brittle 
Brittle 


Brittle 
Brittle 
Brittle 


Brittle 
Brittle 
Brittle 
Brittle 
Brittle 


Brittle 
Brittle 


Brittle 
Brittle 


Brittle 
Brittle 
Brittle 


Brittle 
Brittle 
Brittle 


Brittle | 
Brittle 
Brittle 


Brittle 
Brittle 


Brittle 
Brittle Brittle 


Brittle Brittle 


Brittle 
Brittle 


Ductile 
Brittle 


(4) One 67-hour test. 


Vol. 
q Cc 
t 
a 
n 
Annealing Temperature Under Vacuum of <90.1 Micron } 
| | of | Rate, of | Rate, of a 
mpy | mpy | mpy ( 
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ments, the first approach holds little gold, iridium, rhodium, osmium, 
promise success without major modifi- and rhenium are effective. 
cation structure which might affect Contact can made riveting weld- 
corrosion behavior. ing small spot these metals the 
was found that samples surface electro-deposition. Rubbing 
from different sources and, doubt, the surface with these metals also 
prepared different procedures man- means application. hydro- 
ufacture and fabrication were all acid even small concentrations 
tible embrittlement (Table 2). chloride salts these elements are 
was known that cold-work greatly effective preventing embrittlement 
affects the susceptibility tantalum this laboratory test. Examination the 
hydrogen embrittlement, the influence data Table shows that additional 
heat-treatment was examined. The required determine 
vacuum annealing heat-treatments observations are specific one heat 
(shown Table involving tantalum, the effects persist under 
tures from 1050 2200 gave more drastic conditions, and the cor- 
hydrogen embrittlement. additional noble metal. 
attempt altering the structure im- While Table shows that very small 
prove resistance hydrogen embrittle- areas low overvoltage elements 
ment was made through alloy additions effective, was necessary define ina 
small percentages oxygen, carbon, manner the area 
iron, silicon, nickel, columbium, titanium, which are critical for protection. This 
small-scale heats prepared from com- platinum and palladium were 
mercial tantalum. shown Table the contact material. Platinum 
these elements did not prevent hydrogen because its particularly low 
embrittlement give any promise hydrogen overvoltage and excellent cor- 
improvement this direction. rosion resistance. Although palladium 
Efforts prevent hydrogen from en- exhibits slightly higher hy- 
tering the metal some surface treat- drogen overvoltage than platinum, 
ment were more fruitful. understand- interest because its lower cost could 
ing the important processes which important commercial application. 
occur the surface the metal during all tests concentrated both 
corrosion acid has led and 250 platinum was effective 
for prevention embrittlement tanta- embrittlement. Exposure 
lum which simple and quite effective 190 for over 1000 hours the un- 
laboratory tests. The method involves small area ratio tantalum 
contacting tantalum with another metal- 9500 did not cause 
lic element which has low hydrogen damage through embrittlement. Under 
overvoltage and which electrochemi- test conditions 250 em- 
cally cathodic tantalum the was observed after 200 
environment. The relatively wide differ- this temperature, longer test did not 
ence hydrogen overvoltage between appear reasonable since the corrosion 
tantalum and the platinum tantalum becomes rather high. 
suggests that the noble Palladium not effective platinum, 
The data presented Table show hydrochloric acid, geometry the samples and corrosive media sealed and 
remarkably small areas platinum, pal- not appear particularly criti- ready for test autoclave. 


TABLE Contact with Noble Metals the Hydrogen Embrittlement Tantalum Concen- 
trated Hydrochloric Acid 190 


Spot Welds 0.01 In. Diam.; Foil 0.1 In. Sq.; Surface Plated, Area Plated Powder | 0.005 ¢ 
No. of Spots Per Sample No. Spots _-—_——— | Rubbed | Metal As 
Noble All Chloride 
Metal 0 1 | 3 6 0 1 4 0 All | Scratched| Surfaces) In Sol’n 
Corrosion 12.0 10.1 8.37 8.54 10.0 12.0 12.0 15.0 13.1 13.1 13.2 7.65 
Palladium Results of bend test..| E ..... OK J: E OK OK OK OK OK OK 
Corrosion rate...... 9.92 | 825 | ..... 12.0 9.34 7.58 9.36 8.24 11.0 
Gold Results of bend test..| E ..... E OK OK E OK OK OK 
Iridium Results of bend test..| E ..... OK OK OK E OK OK | OK OK 
Rhodium Results of bend test..| E OK E OK OK | OK OK 
Osmium Results of bend test..| E | codes OM be 
| | 


(a) Unless otherwise stated tests made on commercial, annealed sheet of ~0.6 sq. inch. 
* E = Embrittled—cracked when bent. 
** OK = No signs of embrittlement—sample bent 180 degrees, 
*** Corrosion rates expressed as mils per year. 
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Treated 
Ductile 


Untreated 
Brittle 


Treated 
Ductile 


Untreated 
Brittle 


Figure 2—Effectiveness of small areas of platinum in preventing embrittlement of tantalum tested in con- 
centrated HCI at high temperatures. The small rivets of platinum are located near the top end of the two 
ductile specimens. Ends of ductile specimens bent completely back on themselves through 180 degrees. Area 
ratio of tantalum to platinum: 9000 to 1. Two eo at left are at 190 C and two right specimens 


250 


cal. For example, Figure shows that 
small spot platinum one end 
protects the other end 
which about inches away. Table 
also shows that the corrosion rate 
tantalum generally reduced con- 
tact with platinum. rather unusual ob- 
servation the fact that 
traces platinum contact are effec- 
tive over long period time even 
though the corrosion resistance plati- 
num not considered good 
hydrochloric acid these high tempera- 
tures. Corrosion tests 
various low overvoltage elements, coupled 
and uncoupled tantalum, 
reason for this. Table illustrates that 
both platinum and palladium corrode 
relatively high rates hydrochloric acid 
190 However, when contact with 
tantalum the rate negligible. Both 
tantalum and platinum 
benefited galvanic contact. This 
particularly pertinent observation for any 
application this approach. 

platinum and palladium 
embrittlement tantalum boiling 
sulfuric acid (approximately 
238 C). Contact with platinum reduces 
the corrosion rate and prevents embrit- 
tlement during exposure over 550 
hours with area ratio tantalum 
lustrates the brittleness the untreated 
samples and the ductile condition the 
samples contact with platinum. The 
sample with area ratio tantalum 
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platinum wire around the smaller 
dimension, and the sample with tanta- 
lum platinum ratio 1500 had 
one small rivet platinum near the top 
end. While palladium also shows some 
beneficial effects, its corrosion resistance 
this environment too poor for prac- 
tical considerations. 

Under practical operating conditions, 
tantalum can also become embrittled 
being subjected stray galvanic cur- 
rents. For example, tantalum plugs are 
often used seal holes 
vessels. Their construction such that 
they are contact with the steel shell 
the structure. If, during use, ad- 
ditional hole produced the glass 
coating, the galvanic couple exposed 
the environment. The current which 
flows function the specific geom- 
etry the system and the conductivity 
the environment. Table shows the 
influence contact platinum and 
palladium tantalum which has been 
made cathodic sulfuric acid cur- 
erably higher than one would expect 
find actual operating systems. 
again evident that platinum more ef- 
fective than palladium. area ratio 
embrittlement 2-hour test the 
high current. 


Summary 


summary, appears that platinum 
contact tantalum means for pre- 


UNTREATED 


AREA RATIO 


Figure 3—Effectiveness small areas platinum 
in preventing embrittlement of tantalum in boiling 
percent sulfuric acid. The brittle samples the 
left had no platinum in contact with them, while the 
ductile samples on the right had a strand of plati- 
num wire (third sample) rivet platinum 
near the top (fourth sample). Ends of ductile speci- 
mens bent completely back on themselves through 
180 degrees. Samples were 240 acid for 351 hours. 


vention embrittlement has been ef- 
fectively evaluated laboratory tests. 
important finding that the platinum 
not significantly attacked when con- 
tact with tantalum. This method, which 
the subject pending patent, should 
broaden the useful applications tan- 
talum, factor which particularly 
important time when chemical in- 
dustry processes are utilizing higher tem- 
peratures and generally more aggressive 
conditions. Also, since the 
relatively simple, seems likely that 
could applied many cases order 
make existing equipment more versa- 
tile and capable handling future op- 
erating requirements. 
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DISCUSSION 


Comments Priest, Pfaudler Di- 
vision, Pfaudler-Permutit, Inc., Roch- 
ester, New York: 


The authors are congratulated 
the presentation this interesting 
paper. particular, the experimental 
evidence concerning the small areas 
noble metal required “protect” tanta- 
lum from hydrogen embrittlement 
interest. Additionally, the authors have 
laid particular emphasis upon the pro- 


tection platinum from attack cou- 
pling with tantalum. 

Nowhere the paper clearly 
stated, however, that tantalum metal it- 
self fundamentally very active metal 
electrochemically and that 
characteristics “tantalum” are real- 
ity due the omni-present Ta,O, recti- 
fying film. Yet when the experimental 
data are approached with these facts 
hand, alternate explanation the 
observed phenomena observed 
made. 

1954 the writer, collaboration 
with Greene, performing senior proj- 
ect work the University Rochester, 
investigated the galvanic relationship 
tantalum with several other metals such 
Al, Ni, Fe, and Ag. the long term 
steady state acid, alkaline and neutral 
environments, tantalum appeared 
cathodic most metals. When, how- 
ever, the behavior several couples was 
examined during the first few minutes 
seconds following immersion mechan- 


TABLE Platinum and Palladium Protecting Tantalum from Em- 


brittling Concentrated Hydrochloric Acid 190 and 250 


Total Corr. 
Thick- Noble Approximate Test Rate, Result 
ness, Temp., Metal | Area Ratio Periods, Mils/ th) 
Condition Inches Used Ta:Noble Metal Hours Year Bend* 
As-cold-rolled 0.01 190 Nome f° | «sean 183 12 Brittle 
Pt 15:1 238 3 Ductile 
Pt 31:1 319 4 Ductile 
Pt 3180:1 319 i Ductile 
3180:1 329 Ductile 
Pd 15:1 238 4 Ductile 
Pd 31:1 319 4 Ductile 
Pd 3180:1 319 5 Brittle 
Pd 3180:1 329 4 Brittle 
Annealed) 0.01 190 371 10 Brittle 
None 371 6 Brittle 
Pt 1590:1 371 5 Ductile 
Pt 3180:1 371 4 Ductile 
Pd 1590:1 371 5 Brittle 
Pd 3180:1 462 4 Ductile 
Commercial 0.02 190 139 15 Brittle 
sheet-Co. D 183 13 Brittle 
Pt 31:1 319 4 Ductile 
Pt 3180:1 319 t Ductile 
Pt | 9560:1 | 139 t Ductile 
Pd 31:1 319 4 Ductile 
3180:1 319 Ductile 
9560:1 304 Ductile 
Commercial 0.03 190 Nene 133 9 Brittle 
sheet-Co. B 258 6 Brittle 
as-received — — 
Pt 4780:1 535 6 Dutcile 
Pt 4780:1 535 5 Ductile 
Pt 9560:1 1004 4 Ductile 
Pt 9560:1 1004 4 Ductile 
As-cold-rolled 0.01 250 183 Brittle 
Pt 31:1 346 20 Ductile 
Pt 3180:1 346 2 Dutcile 
Pd 31:1 346 21 Ductile 
Pd 3180:1 346 22 Brittle 
Commercial 0.02 250 183 Brittle 
as-received 
Pt 31:1 346 30 Ductile 
Pt 3180:1 346 23 Ductile 
Pd 31:1 346 21 Ductile 
3180:1 346 18-36 Brittle 
Commercial 0.03 250 90 39 Brittle 
sheet-Co. B Wome 219 Brittle 
Pt 1590:1 164 41 Ductile 
Pt 4780:1 90 30 Ductile 
Pt 9560:1 219 22 Ductile 
1590:1 164 Brittle 


* Attempt made to bend sample 180 degrees (flat) after corrosion test. 
®) Cold-rolled to 0.01 inch and annealed 30 minutes at 1250 C. 


Ta Anodic 


COUPLE CURRENT (Mv/1111.2 ) 
s 


Ta Cathodic 


TIME APTER IMMERSION (MINUTES) 


Discussion Figure B-titanium couple 
3 percent NaCl at 30 C. 


ically cleaned metal electrodes into the 
several electrolytes was discovered that 
polarity change occurred most cou- 
ples. Further study showed that the film- 
free (or imperfectly filmed) tantalum 
exhibited strong anodicity most metals 
for few seconds after immersion 
couple but that formation the 
the anodic current rapidly caused 
tantalum assume more noble poten- 
tial that several cases the initial 
polarity the couple reversed. 
Study series couples this fash- 
ion resulted placing “clean” tantalum 
between aluminum and iron the gal- 
vanic series. curve typical those ob- 
tained this study shown Discus- 
sion Figure 


also follows, moreover, that any 
coupled metal more noble 
“clean” (unfilmed) tantalum tends 
produce anodic current flowing from 
the tantalum which direction such 
that the rectifying function op- 
poses and thus prevents attack the 
tantalum. 


With the above information, one may 
now regard the corrosion tantalum 
and the results Bishop 
paper alternate manner. When, 
high temperature and under strong acid 
conditions, tantalum corroded, 
probably the protective film which 
attacked and the corrosion experi- 
enced becomes function how well 
the film kept repair the local 
anodic currents generated. the hydro- 
gen cathodic reaction governs, 
ficiently high corrosion rates, enough 
the tantalum surface will exposed 
atomic hydrogen (at cathode sites) that 
embrittlement will occur. Thus tantalum 
embrittlement probably associated with 
critical corrosion rates non-oxidizing 
acids. 


When tantalum galvanically coupled 
with noble metals reported the 
paper under discussion the noble metals 
serve reinforce the “anodic” behavior 
tantalum and thus assist the repair 
the protective This reduces the 
corrosion rate the tantalum re- 
ported. Further, the precipitation hy- 
drogen now occurs the noble metal 
and embrittlement the tantalum 
avoided. Finally, because the tantalum 
anodic the noble metal, the latter 
cathodically protected and its corrosion 
rate reduced. 
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CORROSION—NATIONAL ASSOCIATION CORROSION ENGINEERS Vol. 
TABLE 7—Results Corrosion Tests Noble Metals Concentrated Hydrochloric Acid reduction hydrogen ions form 
190 and the Influence Contact with Tantalum hydrogen gas. This over-all process may 
Total Test Rate steps. addition forming hydro- 
Material Condition ir. Year gen gas, hydrogen atoms contact with 
Commercial wire 63* duri 
Commercial sheet 42 to 185 2* A concentration of hydrogen atoms at 
Commercial wire 1* ° nae 
| Commercial sheet 42 to 185 13* force for the absorption of hydrogen. It 
Commercial wire 17* ffectiv f 
alladi Wire in contact wi ante (a) | 32¢ 
Area ratio tantalum platinum palladium 31:1. hydrogen gas pressure about one at- 
mosphere which exists above the corro- 
sive solution. 
TABLE 8—Effectiveness Platinum and Palladium Preventing Embrittlement considerations, 
Boiling Percent Acid (238 clear that the “virtual pressure” hy- 
current? which turn dependent upon 
ness Noble Approximate Rate, the potential which the hydrogen ion 
Commercial sheet 0.01 None —(A) 371 15 Brittle re , i , rt] . 
cold-rolled 1590:1 371 Ductile law directly proportional the 
None 557 Brittle reaction occurs. the reaction proceeds 
None | —(A) | 371 15 Brittle ‘drove i 
(b) 210 Brittle(b) the concentration hydrogen atoms 
Commercial sheet Company | 0.03 None —(A) 371 | 8 Ductile the metal surface eee Hence, the } 
* Attempt made to bend sample 180 degrees (flat) after corrosion test. also increases. t ( 


(A) No noble metal in contact. 


(b) Palladium spot dissolved during first 161-hour test period. 


Note: 


Platinum showed a corrosion rate of <1 mil/year in this environment. 


TABLE 9—Influence Platinum and Palladium Tantalum* Cathodically Charged 


Sulfuric Acid 


are several possible methods for prevent- 

Density Used Ta:Noble Metal Hours Hours Hours all which are based manipulating 
Ductile Brittle Brittle the electrode potential the corroding 

Pt 3180:1 Ductile Brittle Brittle 

Ductile metal and this means decreasing the 

15:1 dizing agent into the corrosive environ- 


* As-cold-rolled 0.01-inch sheet. 


() Attempt made to bend sample 180 degrees (flat) after corrosion test. 


Replies Bishop and Stern: 
are pleased have the comments 
from Dr. Priest who has had 
perience with tantalum corrosion serv- 
ice. obviously correct when 
states that tantalum fundamentally 
very active metal and that its inert char- 
acteristics are attributable film. 
avoided any significant discussion such 
concepts because was our intention 
this paper present only experimental 
facts method for prevention hy- 
drogen embrittlement. have course 
speculated the exact mechanism 
whereby our method works and have 
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relatively clear picture this. did 
not include because felt would 
not only dilute the primary message, but 
also would somewhat speculative be- 
cause were not able conduct ap- 
propriate electrochemical measurements 
under high pressure conditions. Dr. 
Priest’s discussion provides with 
ideal opportunity present our view. 

Our work this area started some 
time ago! where the following concepts 

When metal reacts acid solu- 
tion with hydrogen gas evolution, one 
the processes which occurs the surface 


prove these concepts, experiments 
reported earlier with titanium! showed 
that both cathodic charging and increas- 
ing corrosion rate markedly increased 
hydrogen pickup the metal. 

Thus should apparent that there 


anodic current, (3) alloying with ele- 
ment which during corrosion creates 
cathodic deposit the surface and (4) 
galvanic coupling with more cathodic 
metal. 

explain how these four methods 
differ their application hydrogen 
embrittlement and account for the 
behavior different metals and environ- 
ments necessary introduce two pa- 
rameters which characterize the system. 
One the reversible hydrogen potential 
the solution which the potential 
which there net rate hy- 
drogen ion reduction. potentials more 
noble than this, hydrogen ion reduction 
impossible. The 
other parameter the critical potential 
for passivity the metal which sepa- 
rates the behavior the metal into ac- 
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METHOD FOR PREVENTION HYDROGEN EMBRITTLEMENT TANTALUM AQUEOUS MEDIA 


tive and passive regions. See for example 
reference end this discussion. 

method (1) above, the objective 
acid pickling, then desirable 
have the critical potential for passivity 
more noble than the reversible hydrogen 
potential. Introduction oxidizing 
agent into the environment 
bring the corrosion potential between 
these two values. effect, then, reduc- 
tion oxidizing agent substituted 
for reduction hydrogen ions the 
cathodic process while still maintaining 
high corrosion rate. practice one 
need only reduce the hydrogen ion re- 
duction current obtain 
reduction hydrogen pickup the 
metal. Introduction oxidizing agent 
may course also 
and corresponding reduction metal 
solution rate. These factors have been 
demonstrated with various 
some using radioactive tritium. 

Method (2) (external anodic polariza- 
tion) obviously can increase the electrode 
potential above the reversible hydrogen 
potential and thus eliminate the hydro- 
gen ion reduction process. Creation 
passivity external anodic current 
well known phenomenon. 

Both the use oxidizing agent 
external anodic current have the disad- 
vantage requiring modification the 
environment introduction special 
and sometimes cumbersome equipment. 

Method (3), which essentially involves 
alloying with noble metal, has been 
described considerable detail for the 
creation our knowl- 
edge, titanium the only metal which 
shows sufficiently active 
tials for passivity wide variety 
environments benefit from this ap- 
proach without assistance from the pres- 
ence oxidizing agent. Where meas- 
urements have been the potential 
titanium-noble metal alloys within 
millivolts the reversible hydrogen 
potential indicating negligible hydrogen 
reduction current. 

should clear that this method re- 
quires some slight corrosion obtain 
buildup noble metal the surface. 
the metal can tolerate very slight sur- 
face hydrogen pickup without damage 
(as the case with alpha titanium) then 
this method expected give good re- 
sults for hydrogen damage prevention 
well reduction corrosion rate. 

While have not described our ex- 
tensive experiments the influence 
noble metal alloying hydrogen em- 
brittlement various metals, our obser- 
vations are consistent with the statements 
above. 

The extensive and persistent effective- 
ness method (4), which forms the 
basis our paper, frankly surprised 
when applied tantalum. had been re- 


ported that galvanic contact titanium 
with cathodic materials such 
less steel, Hastelloy alloy carbon and 
platinum produced passivity. Quantita- 
tive data effective area ratios were 
This applies however po- 
larization above the critical potential for 
passivity and concerns the passivity phe- 
nomenon. However, the important rela- 
tionship for considerations hydrogen 
embrittlement the relation between 
corrosion potential and reversible hydro- 
gen potential. 

Among our first rather dramatic ob- 
servations the effectiveness cathodic 
contact preventing hydrogen damage 
was work concerned with special ti- 
tanium-manganese alloy. This material 
would crack rather violently brittle 
manner very short time when 
stréssed reducing acid environment. 
Galvanic contact with platinum com- 
pletely eliminated the phenomenon. 
this system, the metal was undoubtedly 
anodically polarized above the critical 
potential for passivity producing 
marked decrease both the corrosion 
rate and the rate hydrogen ion re- 
duction. believe, however, the spe- 
cific situation with tantalum quite dif- 
ferent. 

appears that tantalum already 
electrochemically passive the solutions 
examined, that is, its critical poten- 
tial for passivity generally very ac- 
tive that the corrosion potential ex- 
hibits considerably more noble than 
this. However, reducing type acids, 
the corrosion potential more active 
than the reversible hydrogen potential. 
Therefore, even though the 
electrochemically passive, the corrosion 
process proceeding slowly with hydro- 
gen evolution the cathodic process. 
Further, believe the 
anodic polarization curve tantalum 
the potential region interest essen- 
tially vertical the case with many 
other passive metals. This consistent 
with our observation that the corrosion 
rate tantalum essentially remains un- 
affected galvanic contact. our sys- 
tems without oxidizing agent, not 
possible polarize anodically poten- 
tials more noble than the reversible hy- 
drogen potential galvanic contact, 
since the cathodic member the couple 
cannot more noble than this. Thus 
prevention hydrogen damage must 
come from reduction the hydrogen 
producing current the metal surface 
the smallest possible value polariz- 
ing close the equilibrium hydro- 
gen potential possible. The two factors 
which are primary importance here 
are the area ratio the couple and the 
hydrogen overvoltage the cathodic 
member. The larger the area cathode 
the more noble the mixed potential. 


addition, the lower the hydrogen over- 
voltage the cathode, the more noble 
the couple potential. For more quanti- 
tative general description the influence 
these factors couple potential see 
reference 

Our surprise the effectiveness the 
method applied tantalum based 
the small noble metal areas required 
which apparently results from the ex- 
tremely low hydrogen overvoltage 
these metals. addition, since there 
quantitative data available directly 
relating hydrogen damage cathodic 
current, there way predict ahead 
time how effective given approach 
system will be. 

While should noted that ap- 
propriate electrochemical data were ob- 
tained the tantalum-noble metal sys- 
tem, the mechanism described above 
consistent with all facts known 
about such behavior. 

While our terminology may quite 
different from that Dr. Priest’s, 
effectively agree with many his state- 
ments—particularly his last paragraph. 
However, his approach not detailed 
that which describe above and 
therefore does not apparently handle this 
situation where the corrosion rate 
tantalum unaffected contact; also, 
therefore, cannot explain the real dif- 
ference behavior between the stressed 
special titanium alloy described above 
and tantalum. prefer not talk 
about “clean” (unfilmed) 
faces since doubt that this realistic 
for more than few milliseconds after 
really clean surface tantalum ex- 
posed air aqueous systems. 

Dr. Priest’s work appears largely 
concerned with the anodic and cathodic 
behavior metals toward each other 
different times depending upon environ- 
ment. feel that such data not con- 
stitute complete explanation the 
mechanism involved the prevention 
hydrogen embrittlement such ex- 
tremely small areas noble metal. 
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Introduction 


PRINCIPLE microbiological 

corrosion oilfield equipment has 
received various degrees acceptability 
from corrosion engineers 
parts the United States. Some the 
reluctance the part corrosion engi- 
neers accept microbiological corrosion 
can explained their hesitancy 
work with unfamiliar phenomena. There 
question, however, that the greatest 
obstacle full acceptance microbio- 
logical corrosion stems from the failure 
microbiologists show terms fa- 
miliar the engineer the biological ori- 
gin the corrosion difficulties encoun- 
tered the field. 


Research has been progress for some 
time designed show 
derlying bacterial corrosion. Specifically, 
effort has been expended clarify the 
cause certain corrosion problems that 
appeared bacterial when there was 
readily demonstrable microbiological 
problem. Techniques have been devel- 
oped and ideas formulated that may 
use clarifying some the micro- 
biological corrosion problems the field. 


Bacterial Corrosion Sulfate-Reducing 
Bacteria 

generally accepted that Desulfo- 
vibrio desulfuricans will cause microbio- 
logical corrosion. Although there some 
dissent details, generally also ac- 
cepted that the mechanism 
reducing bacterial corrosion esentially 
that proposed Olsen and 
diagrammatic scheme the mechan- 
ism anaerobic corrosion illustrated 
Figure The heart this theory 
postulates the activity enzyme 
known hydrogenase Desulfovibrio 
allowing utilization elemental hydro- 
gen from the cathodic side the corro- 
sion cell. The action hydrogenase may 
thought biological catalyst al- 
lowing the hydrogen reduce the sul- 
fate. The final effect that oxygen from 
the sulfate made available for the ca- 
thodic process and corrosion continues. 
Without such action, the potential will 
balance will slow. 
There has been more than adequate field 
experience demonstrating 
reducing bacteria will cause corrosion. 

Although true that microbiologi- 
cal corrosion sulfate-reducing bacteria 
generally accepted, there appears 
agreement regarding the number 
sulfate-reducing bacteria that will create 
economic problem given situa- 
tion. This difficulty arises because there 
way correlating corrosion the 
field with the numbers sulfate-reduc- 


Submitted fer publication November 1960. 
paper presented at a meeting of the South 
Central Region, National Association of Cor- 
rosion Engineers, Tulsa, Oklahoma, October 
25-27, 1960. 
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Microbiological Corrosion Waterfloods* 
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ing bacteria shown present cul- 
ture. This portion the rationale 
behind the recommendation that sulfate- 
reducing bacteria should absent from 
system. This admittedly begging the 
question, but certainly safe posi- 
tion. 


Corrosion Other Microorganisms 


does not seem generally ac- 
cepted that bacteria other than Desulfo- 


Abstract 


commonly observed that most bacterial 
corrosion waterfioods occurs pit cor- 
rosion. A hypothesis has been advanced to 
explain portion the mechanism under- 
lying bacterial pit corrosion and suggested 
pane Pe has been presented for determin- 
ing the possible relationships 
general microbial flora and microorganisms 
capable participating pit corrosion. 
Topics discussed include role 
reducing bacteria, correlation between bac- 
teriological examinations and corrosion dam- 
age, cultural techniques, laboratory and 
field evaluation techniques, 
sessile microorganisms. 3.3.4, 3.2.2, 8.4.3 


vibrio will cause corrosion. This cer- 
tainly error pertains the iron 
bacteria. has been demonstrated very 
clearly that certain the iron bacteria, 
such Sphaerotilus Gallionella, may 
cause very pronounced corrosion 
waterflood systems. There are two mech- 
anisms that have been proposed for cor- 
rosion iron bacteria. One these 
mechanisms postulates that the conver- 
sion ferrous salts hydrated ferric 
hydroxide provides anaerobic conditions 
the bottom the mass favorable for 
the growth sulfate-reducing bacteria.? 
Thus, the iron bacteria 
bulky deposits often affecting water flow, 
while the sulfate-reducing bacteria are 
responsible for the corrosion. 


Parenthetically, should pointed 
out that sulfate-reducing bacteria may 
grow under any type deposit that 
creates anaerobic conditions. Colonies 
slime masses aerobic bacteria, for ex- 
ample, form anaerobic microenviron- 
ment that will permit the localized 
growth sulfate-reducing bacteria 
aerobic system. 


een 


CATHODE 


Figure 1—Diagrammatic sketch showing the mechanism corrosion sulfate-reducing bacteria (redrawn 
from Olsen and Szybalski). 
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Figure 2—Diagrammatic sketch showing the mechanism corrosion iron bacteria (redrawn from Bogtstra). 


The second mechanism that has been 
postulated explain corrosion iron 
shows the scheme corosion proposed 
Bogtstra. This investigator believes 
that when small amount ferrous salt 
formed anodic attack, probably 
some point where the oxygen concentra- 
tion low, the iron bacteria convert the 
ferrous salts hydrated iron oxide. This 
material will shield the surface from oxy- 
gen even more effectively the attack 
becomes more vigorous result 
differential aeration cells. 


These two different types attack 
have different gross appearances. one 
removes tubercle iron oxide and 
finds black iron sulfide under the tuber- 
cle, combined microbiological attack 
iron bacteria and sulfate-reducing bac- 
teria should suspected. black cor- 
rosion product may 
from magnetite its nonmagnetic char- 
acter and the production hydrogen 
sulfide when acidified. tubercle with- 
out blackening may caused the 
second mechanism proposed. 

mentioned previously, well ac- 
cepted that the ability Desulfovibrio 
cause corrosion function the 
enzyme hydrogenase. Why should only 
one specific acceptor—sulfate—be consid- 
ered? Many other substrates can used 
for the removal hydrogen bacterio- 
logical systems. turn, each these 
substrates are characteristically used 
species bacteria. There are five sys- 
tems known which hydrogenase 
present (see Table 1). 

One these mechanisms requires free 
oxygen and only aerobic species could 
use this mechanism. 


The reaction illustrated with carbon 
dioxide may important one 
petroleum microbiology. Species bac- 
teria, usually aerobic nature, are often 
found water supplies having less than 
0.2 ppm oxygen. These waters also 
often contain carbon dioxide. These two 
facts are undoubtedly interrelated. 

fairly large number microor- 
ganisms have been reported contain- 
ing hydrogenase. Some the species are 

Bacteriological examinations 
detect many these microorganisms. 
There has been attempt, insofar 
known, determine the numbers hy- 
drogenase-producing bacteria oilfield 
waters. This may possible solution 
the problem correlation bacteri- 
ological data with corrosion problems. 


Lack Correlation 

There seems exist today lack 
correlation between bacteriological ex- 
aminations and the damage actually done 
The reason for this lack 
correlation primarily the inability 
commonly used microbiological tests 
reveal the presence many types 
bacteria and the dependence upon infor- 
mation laboratory personnel remote 
from comprehensive knowledge the 
waterflood system. The culture techniques 
will demonstrate only the bacteria that 
will grow the specific medium and 
under the specific environmental condi- 
tions that are used. Personal study 
waterflood the microbiologist will 
yield additional clues, but these still fall 
short. 

illustration, bacteria accustomed 
growing under high pressure will often 
fail grow the laboratory where 
pressure not used. Microorganisms 
growing waters high dissolved solids 
content often will not grow ordinary 
bacteriological culture media. Traces 
hydrocarbons water will give rise 
specialized microflora; all these con- 
ditions are common the petroleum in- 
dustry and all contribute the lack 
growth bacteria from floodwaters un- 
der laboratory conditions. 

The inability culture techniques 
show the true numbers microorganisms 
water has been frequently demon- 
strated. For example, the numbers 
bacteria detected oilfield waters 
several types media will vary greatly. 
The best the media will not grow the 
numbers bacteria found direct ex- 
amination.* Yet adequate treatment 
the injection water with effective con- 
trol chemical will result improved 
quality injection water and minimize in- 
jection well plugging and corrosion. 

Table gives comparison counts 
obtained with bacteria natural waters 
containing carbon dioxide using conven- 
tional plating techniques and membrane 
filters. 


Some the other known variables 
will also affect the total number bac- 
teria found cultural techniques. For 
example, reported that the tem- 
perature and time which marine bac- 
teria were grown made very great dif- 
ference the final results obtained. 
this series tests, the best growth was 
obtained after days Table 
shows relative number colonies ap- 
pearing nutrient agar incubated for 
different periods time. 


impractical for any microbiolo- 


MICROBIOLOGICAL CORROSION WATERFLOODS 


TABLE 1—Mechanisms Hydrogen 
Utilization Bacteria 


energy. 

Clostridium aceticum 

(2). 4H2 + COz2 — CHa + 2H20 + energy. 
Methanobacterium omelianskii 

Micrococcus denitrificans 

(4). 2H2 + O2-— 2H20 + energy. 
Hydrogenomonas facilis 

(5). 4H2 + SOs-- — S~— + 4H20 + energy. 
Desulfovibrio desulfuricans 


TABLE 2—Bacteria Reported Contain 
Hydrogenase 


Desulfovibrio desulfuricans 
. Proteus vulgaris 

. Azobacter vinelandii 

. Aerobacter aerogenes 

. Aerobacter cloacae 

Micrococcus denitrificans 

Micrococcus phosphoreus 

. Escherchia coli 

Clostridium aceticum 

10. Clostridium sporogenes 

11. Clostridium welchii 

12. Hydrogenomonas facilis 
13. Methanobacterium omelianskii 


gist attempt the multitude tests re- 
quired culture all, even majority, 
microorganisms from natural water 
sample. The simple truth 
biologists not know how culture 
many these microorganisms, even 
time permitted such 
dures. addition, there another un- 
fortunate fact. Any culture technique 
used will only grow the microorganisms 
that happen present the flowing 
water stream. These bacteria detected 
have completely unknown relationship 
the microorganisms deposited the 
sides lines and equipment. the 
bacteria deposited the sides pipes 
and equipment that cause microbiologi- 
cal corrosion. 

simple field experiment often will 
confirm this observation. Choose in- 
jection well that has sampling 
tap, 34-inch connection, and 
bull plug. Flush the sampling tap for 
minutes and sample. Next, flush 
higher velocity and flow rate through the 
34-inch connection for minutes and 
sample. Finally, shut the well in, pull the 
bull plug, flush full pressure for 
minutes and sample. When these samples 
are processed, counts total bacteria 
often progressively increase. Many times 
small slime masses and suspended mat- 
ter will observed the last sample. 
This phenomenon due primarily 
sides the tubing. 

Thus, can seen how the types 
bacteria present will influence the bac- 
teriological examination. The methods 
culture will change the relationship and 
finally the manner which the sample 
taken will change 
There scarcely any wonder that diffi- 
culties exist with the correlation micro- 
biological data and corrosion; re- 
markable that possible obtain any 
correlation between the numbers bac- 
teria present and the operational diffi- 
culties. 
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Figure 3—Apparatus used 
slide technique. 


Technique for Detecting Sessile 
Microorganisms 

method has been developed for de- 
tecting microorganisms having the ability 
grow surfaces such pipe and 
equipment. This method appears give 
more direct measurement potential 
corrosiveness given bacterial popu- 
lation than has been available previously. 

Bacteria that are able attach 
solid surfaces are called sessile bacteria. 
Such organisms are well known ma- 
rine microbiology and techniques for ob- 
serving these bacteria have been use 
for many years. very large proportion 
sessile bacteria cannot cultured 
artificially or, cultured, grow with dif- 
niques, such the submerged slide tech- 
nique, have been developed study 
these microorganisms. 

The submerged slide technique uses 
glass microscope slide submerged the 
water supply. The slide may installed 
and used much the same manner 
one uses corrosion coupon. diverted 
side stream, such originally proposed 
for corrosion testing the Bureau 
Mines,® has proven very useful with the 
submerged glass slide technique. Figure 
illustrates the simple arrangement used 
the laboratory, and Figure shows 
field use the submerged 
nique. 

The submerged glass slide technique 
has been used very successfully 
Long Beach area California. The 
waterfloods this area 
problems with all the characteristics 
bacterial corrosion. Data* 
electrical resistance corrosion measuring 
device indicated the typical lag and ac- 
celerated corrosion characteristic bac- 
terial pit corrosion. Figure illustrates 
the data from Gaspur zone water, Wilm- 
ington Field, California. This water was 
air free and untreated. Lines and equip- 
ment were perforated with pit corrosion 


Oilwell Research, Inc., Long Beach, 
California. 
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preliminary laboratory study the submerged 


typical microbiological corrosion. 
Waterfloods treated with bactericides had 
less corrosion; yet, with all this op- 
erational data indicating microbiologi- 
cal corrosion problem, few bacteria could 
demonstrated routine culture tech- 
niques. Bacteriological analysis 
water would usually yield total plate 
counts less than 5,000 
milliliter with perhaps zero, 
sulfate-reducing bacteria per 

When submerged slide technique was 
used, entirely different picture was 
obtained. Small slime masses formed 
the surface the glass within hours. 
Figures and show the appearance 
the surface the submerged slide. When 
these bacteria were examined, they were 
found possess very large capsules. 
These sticky polysaccharide sheaths 
around characteristically are 
found bacteria. The 
author has not been successful cultur- 
ing these bacteria artificially. 

new type species Gallionella 
was found these waters very large 
numbers. Iron bacteria have not been 
reported previously salt water en- 
vironment and this occurrence duly 
These iron bacteria apparently form 
loci for the attachment bacteria and 
fragments Gallionella with many as- 
sociated bacteria were comonly observed 

The mechanism corrosion 
installation now somewhat clarified. 
appears almost certain that sulfate-reduc- 
ing bacteria are active under small slime 
masses other bacteria. 
reducing bacteria were not dislodged 
sufficient numbers provide high counts 
when cultured, and the bacteria forming 
the slime masses apparently not grow 
with ease artificial media. addition 
these organisms, the iron bacteria were 
causing additional corrosion. 
these mechanisms could have been clari- 
fied without the use submerged slide 


Figure 4—The submerged slide technique in use in the field. 
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Figure 5—Electrical resistance corrosion measuring 

device data obtained from air-free Gaspur zone water, 

Wilmington Field, Calif. This shape of curve is 

commonly observed waters contaminated with 
bacteria. 


techniques and direct microscopic exami- 
nation. 


There question but that the sub- 
merged glass slide technique yields in- 
formation microbial populations 
waterfloods that not otherwise avail- 
able. The quantitative measurement 
such bacterial deposits offers some diffi- 
culties, however. The most practical field 
technique immediately available 
count the bacteria present the surface 
the slide and report them basis 
bacteria per square unit measure- 
ment. There are research techniques that 
will show the enzymatic activity the 
mixed population and thus perhaps give 
direct estimation the potential cor- 
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f 
* 
Figure 6—Photomicrograph submerged slide after hours’ exposure. Note Figure 7—Photomicrograph submerged slide after hours’ exposure. Few 
clumps of bacteria and large mass composed of filamentous microorganisms. of these bacteria could be artificially cultured. Bright field phase contrast. 
Bright field phase contrast. 1500X reduced to 750X. 1500X reduced to 750X. 
These techniques have not yet been re- other iron bacteria and 
fined for field use. corrosion. There has been report 
attempts link other bacteria water- 
Conclusion flood corrosion. the basis informa- 
The full implications microbiologi- tion now available, appears that any 
cal corrosion waterfloods have scarcely capable producing hy- 
been touched petroleum also capable corrosion. 
gists. rule, only superficial examina- The petroleum microbiologist will play 
tions operating waterfloods have been increasingly important role corro- 
made. Only the simplest culture tech- microbiology 
niques characteristically have been used, its infancy but will ma- 
and bacteria did not grow using these ture and come full stature the pe- 
methods, the possibility bacterial industry. 
rosion has been ignored. References 
Methods for examining natural waters Szybalski. Microbio- 
are the literature. Many the tech 


niques used marine microbiologists Oppenheimer. How Detect and Con- 


are useful f x ini f Ss. a trol Corrosion-causing Bacteria. World Oil, 147 
when employed, yield much valuable Bogtstra. over aantasting 
information. van onbeschermde stalen gietijzeren buizen 


N ‘ verschillende grondsoorten. Corrosie-Inst., 
been assigned Desulfovibrio and Counting Oil Field iron bacteria. Submerged slide technique. Bright 
Gallionella. There has been some investi- Indus. Microbiol, 253-260 (1960). phase contrast. 1500X reduced 500X. 


TABLE Counts Obtained with Bacteria Natural Waters Containing Carbon Dioxide 


Medium* 35 C, 48 hr. Membrane filter 

Estimated bacteria 

Estimated Bacteria per milliliter per milliliter 


* * See Appendix A. 


TABLE Number Colonies Appearing Nutrient Agar Incubated for Different Periods 


| Incubation Temperature 


Days Percent Percent Percent Percent Percent Percent Percent 


* Plate counts expressed as percentages of the average plate count after 18 days at 18 C. 
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ZoBell and Conn. Studies the Thermal 
Marine Bacteria. Jour. of Bact., 


pd P28 1952. Conditioning Water for Secondary 
Recovery in Midcontinent Oil Fields. Bur. of 
Mines Report of Investigations 4930, Dec. 1952. 


APPENDIX Media Used 
Evaluation Total Bacterial Counts 
from Flood Waters (See Table 


Medium 
Peptone 
Beef extract 
Agar 
Distilled water 1,000 
7.1 


5.0 
3.0 
15.0 


Medium 


Sodium lactate 
Yeast extract 
Ascorbic acid 
Magnesium sulfate 
Dipotassium phosphate 
Ferrous ammonium sulfate 
Sodium chloride 
Agar 
Distilled water 1,000 
7.5 

Medium 
Dextrose 
Peptone 
Magnesium sulfate 
Calcium chloride 


Any discussion this article not published above 
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0.001 
12.5 


Ferric chloride 

Agar 

Tap water 1,000 
7.0 


Medium 
Tryptone 
Beef extract 
Dextrose 
Agar 
Distilled water 1,000 
7.0 


5.0 
3.0 
15.0 


Medium 


Dextrose 
Peptone 
Magnesium sulfate 
Calcium chloride 
Ferric chloride 0.001 
Agar 12.5 
Natural water examined 

1,000 
adjusted that sample water 


Medium 


Medium plus carbon dioxide 
atmosphere 


DISCUSSION 


Questions Bryant Bradley, 2048 
Rose Villa, Pasadena, 


1.0 
0.2 
0.05 


What good reference for the 
slide technique described? 


will appear December, 1961 issue. 


Vol. 


Are you suggesting the slide tech- 
nique method for detecting any 
microorganism waterfloods? 


Submerged slide techniques are quite 
old. The major point here that the 
writer believes acknowledged techniques 
used other microbiological fields have 
not been fully utilized when investigat- 
ing microbiological problems specific 
the petroleum industry. general 
reference, the writer suggests ZoBell’s 
Marine Microbiology (Chronica Botani- 
ca, Inc., Waltham, Mass., 1946.). This 
book has many references various 
niques and probably good point 
departure into the literature. The first 
use slides submerged water for the 
study sessile bacteria may have been 
the report Nauman 1925, who 
reported the study iron bacteria 
this technique. 


Not “any” microorganism; this tech- 
nique will reveal only those microorgan- 
isms capable attaching glass sur- 
face. There strong probability, how- 
ever, that these sessile microorganisms 
are the chief offenders microbial cor- 
rosion rather than those that will not 
adhere surface. 


te 
4.0 
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Use Pipe-to-Soil Potential 
Analyzing Underground Corrosion 


Introduction 
PIPE-TO-SOIL potential meas- 


techniques employed the corrosion 
engineer underground corrosion work. 
Although the methods and_ techniques 
used for taking these measurements are 
well established, there not great deal 
information available regard 
what the actual measurements mean and 
how they should used. This paper will 
attempt indicate some the ways 
which pipe-to-soil potential measurements 
can used for evaluating corrosion 
problems and for determining the effec- 
tiveness cathodic protection. 


this discussion all potential values 
will those measured using copper- 
copper sulfate electrode. Unless otherwise 
stated, examples where lateral meas- 
urements are used, all values potential 
given this paper will those taken 
with respect electrode placed 
the surface directly over the pipe. 
realized that order obtain com- 
plete analysis given corrosion prob- 
lem, measurements addition those 
potentials are required. However, the 
remarks this discussion will con- 
fined potential measurements. 


Because the pipe-to-soil potential 
steel pipe measured with copper-copper 
sulfate half-cell almost always nega- 
tive polarity (in non-stray current areas), 
this paper will concerned large 
measure with potentials negative val- 
ues. this discussion negative potentials 
greater absolute values will referred 
tive potentials smaller absolute values 
will referred being “less nega- 
tive” lower negative value. Thus, 
measurement —400 millivolts will 
considered being lower negative 
value than measurement 
millivolts. 


Determination Corrosion Mechanism 

recognized that there are basically 
two different mechanisms which are re- 
sponsible for corrosion underground 
pipes: electrolytic corrosion and galvanic 
corrosion. 

Electrolytic corrosion, often called stray 
current corrosion, results from currents 
which are introduced into the ground 
from neighboring sources such 
electric railways, coal mines, and cathodic 
protection systems. Galvanic corrosion 
the natural electro-chemical activity 
which occurs steel pipes underground. 
This latter type includes all corrosion 
not stray current origin and often 
classified into categories such 
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action, long line activity, and bi-metallic 
activity. 

Pipe-to-soil potential measurements can 
used indicate whether not 
pipeline subject stray current corro- 
sion. Because stray currents which derive 
from electric railways coal mines are 
rarely—if ever—constant, fluctuations 
potentials given location will indi- 
cate the presence these stray currents. 
these fluctuations are not present all 
times, recording instruments can used 
determine when the fluctuations are 
present. The literature sufficiently 
complete with descriptions the meth- 
ods used the treatment these stray 
currents when they are There- 
fore, the methods used overcoming the 
effects stray currents will not con- 
sidered this discussion. 

Non-fluctuating stray currents, in- 
terference currents, from cathodic pro- 
tection systems cannot detected 
noting whether fluctuations potential 
are present. However, these constant 
stray currents can detected using 
potential profiles taken with the half-cell 
over the pipe and profiles taken with 
half-cell placed some 
away from the pipe. The use these 
potential profiles can illustrated 
comparing profiles taken non-stray 
current area with those taken along 
pipe location where interference cur- 
rents are exposing that pipe damage. 

Figure shows typical potential pro- 
file pipe which the corrosion 
activity one straightforward galvanic 
action and not being influenced 
interference currents bi-metallic cor- 
rosion. Figure shows typical potential 


Abstract 


account given how pipe-to-soil 
potential measurements can be used to dis- 
tinguish stray current corrosion from gal- 
vanic corrosion. General rules are given 
for the interpretation set potential 
measurements evaluating underground 
corrosion problem current 
area. Data reported include potential pro- 
files of (1) Galvanic corrosion activity (2) 
Pipe subject to exposure from cathodic 
protection interference. (3) 
coated pipeline, (4) Coated pipeline con- 
nected copper grounding system, (5) Bi- 
metallic effect. Several are 
cited show actual application rules 
evaluating corrosion problems non-stray 
current areas. 


profile pipe which exposed 
crossing pipeline. comparing these 
two potential profiles, should noted 
that irrespective the condition which 
exists, anodic areas are always the 
locations where the “over the pipe” po- 
tentials are more negative than the “off 
the pipe” potentials. However, 
straightforward galvanic situation such 
shown Figure the anodic areas 
occur locations where the “over the 
pipe” potentials are higher negative 
values than those measured the ca- 
thodic areas. interference situation 
such shown Figure the anodic 
area location where the potentials 
(both “over” and “off” the pipe) are 
lower negative values than those the 
cathodic areas. 

should noted that although 
potential profile similar that shown 
Figure almost always indicates gal- 
vanic corrosion pattern and almost al- 
ways rules out stray current inter- 
ference situation, profile similar that 
shown Figure does not necessarily 
indicate stray current situation. 
possible that bi-metallic corrosion con- 
dition will yield potential profile simi- 
lar that which encountered 
interference situation. Figure shows 
potential profile pipeline, portion 
copper grounding system which the 
pipe connected. can seen that 
this potential profile very similar 
that shown Figure that the anodic 
areas occur locations low negative 
potential. some situations, may 
difficult distinguish between inter- 
ference situation and bi-metallic one 
merely analyzing the potential pro- 
files. that type situation complete 
investigation the conditions which 
exist given area, will usually yield 
the information necessary 
whether the potentials are attributable 
interference bi-metallic activity. 

Even without knowledge 
rounding conditions, there are usually 
sufficient differences between the two 


profiles distinguish them. Thus, 
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Figure 2—Potential profile on pipe subject to exposure from cathodic protec- 


Figure 1—Potential profile showing galvanic corrosion activity. 


interference situation, the portions the 
pipe immediately adjacent the anodic 
areas are almost always entirely cathodic. 
bi-metallic situation, the profiles 
the pipe outside the area bi-metallic 
influence one which similar the 
normal galvanic profile shown Fig- 
ure 

For the purpose distinguishing the 
type corrosion activity which 
ent, the following general rules 
given: 

(1) Anodic areas exist locations 
where the lateral measurements 
negative than the the meas- 
urements. Conversely, cathodic areas exist 
locations where the 
ments are more negative than the 
the pipe” measurement. This condition 
always holds, irrespective whether the 
corrosion activity result elec- 
trolytic galvanic action. 

(2) When anodic areas coincide with 
areas high negative potential, the cor- 
rosion activity one “straightforward” 
galvanic action (this does not include bi- 
galvanic situation, the more negative the 
potential, the more anodic the condition 
will be. 

When anodic areas coincide with 
areas low negative potentials (or 
severe Cases, positive potentials), the cor- 
rosion activity one either electrolytic 
electrolytic bi-metallic situation, the 
less negative (or more positive) the po- 
tential the more anodic the area. 


Interpretation Potentials Under 
Non-Stray Current Conditions 


After has been determined that stray 
currents are not present, potential meas- 
urements can used analyzing the 
galvanic corrosion may 
exist. For example, has been said that 
the normal potential between 
steel pipe which neither collecting 
discharging current and copper-copper 
sulfate half-cell placed above the pipe 
—540 millivolts.2 Although 
ment essentially correct, does not 
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Figure 3—Potential profile showing bi-metallic effect. 


provide any real basis for interpreta- 
tion given set readings taken 
potential survey. more comprehen- 
sive interpretation potential measure- 
ments can derived from the following 
statements: 


. 
(1) The potentials newer pipes are 
more negative than those older pipes 


(2) The potentials coated pipes 
(organic coating such coal tar, asphalt, 
plastic tape, etc.) are more negative than 
those bare pipes 


(3) The variation potential with re- 
spect distance generally greater 
along bare pipe than along coated 


pipe 


(4) The normal potentials taken along 
bare pipe fall the range —500 
—600 millivolts. Newly installed bare 
pipe will have higher negative potentials, 
and very old bare pipe can have much 
lower negative potentials 


(5) The normal potentials along 
coated line fall the range —650 
—750 millivolts. Newly installed coated 
line can have higher negative potentials 


and older pipe poorly coated pipe will 
have less negative potentials 


(6) highly alkaline soils, the nor- 
mal potentials will less negative than 
those taken neutral acid soils 


.(7) bare pipe, there usually 
correlation between 
ments and resistivity measurements 
locations higher resistivity soil corre- 
spond with locations lower negative 
potentials). 

should understood that all the 
above statements apply primarily steel 
pipelines which are non-stray current 
areas and which are not subject bi- 
tion. Also, where comparisons are made, 
such between coated and bare pipe 
between old and new pipe, assumed 
that other conditions are equal. 

These statements are intended 
generalized guide for interpretation 
potential measurements. They are not 
considered scientific principles and 
they not necessarily hold true under 
all circumstances. They are merely 
summation field experience and they 
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Figure 4—Potential profile ungrounded coated pipeline. 


are not derived from controlled experi- 
ments rigid reasoning. Despite the 
apparently severe qualifications which 
have been applied these statements, 
they are used with care and with com- 
plete appreciation the theory gal- 
vanic corrosion, most corrosion problems 
can evaluated successfully. 


Coated Cross-Country Pipeline 

relatively simple example which il- 
lustrates how these statements 
set potential measurements taken along 
portion well coated, cross-country 
pipeline listed Table From the 
measurements listed that table can 
seen that although the potentials 
approximately one-half the locations 
fall the range indicated State- 
ment above, measurements five 
the metering and regulator stations were 
less negative than those given State- 
ment (The potential —780 milli- 
volts Location slightly more 
negative than the range given State- 
ment but indicated that state- 
ment, higher negative potentials are 
possible newly installed, well-coated 
pipes. 

The low negative potentials the me- 
tering and regulator stations prompted 
more detailed investigation. This investi- 
gation found that the insulated flanges 
which had been installed 
tions were shorted, and result the 
coated line was directly coupled older 
uncoated distribution piping 
locations. 


Statements and above indicate that 
older bare lines are lower negative 
potentials than newer, coated lines. The 
coupling the coated line the bare 
lines makes the potentials the coated 
line less negative the shorted meter 
and regulator stations than along the re- 
mainder the line. The situation which 
exists this example points the need 
for insulating new coated pipe from older 
bare pipe. This insulation needed 
whether not cathodic protection 
provided for the coated line. cathodic 
protection provided, insulators are nec- 
essary prevent excessive current leak- 
age bare pipe. cathodic protection 
not provided, the newly coated pipe 
almost invariably anodic with respect 
the older bare pipe. Therefore, 
there were insulators (or the insu- 
lators were shorted), the newer coated 
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Figure 5—Potential profile coated pipeline connected copper grounding 


system. 


TABLE 1—Potential Measurements 


Location Pipe-to-Soil 
No. Description of Location Potential, mvs. 
22 North side of Shoal River on State Rt. SB... —700 
27 Valve box approximately 7.5 south of Shoal River..................... —731 
28 Small stream, 9.75 miles south of Shoal —672 
33 Ocean City (Ft. Waltow No —482 


pipe would subject accelerated 
corrosion attack. 


Gas Service Line 


The above example shows the need for 
thorough investigation situation 
wherein there apparent contradic- 
tion between the measurements taken 
and the statements listed above. The next 
example illustrates this need slightly 
more complicated problem. this ex- 
ample, the corrosion problem was one 
which affected gas service lines 
housing development. The original serv- 
ice lines had been installed without coat- 
ing and failures began appear after 
five years. The lines which failed were 
replaced with coated steel pipe and some 
the replacement piping developed 
leaks within two years. survey found 
that the potentials the new coated 
lines were the range —250 —350 
millivolts, whereas the potentials the 
older bare lines were the range 
—600 millivolts. 


This finding appears contradict 
statements and made above. Upon 
closer examination was found that the 
water service lines were copper and that 
they were electrically connected the 
gas lines. Copper because cathodic 
with respect steel will, when connected 
steel pipe, make the apparent po- 
tential the steel pipe less negative than 
its natural potential. Because the area 
relationships (the ratio the areas 
copper steel greater when the steel 
coated, than when bare), the ef- 
fect copper the potential coated 


steel pipe will far greater than that 
bare pipe. 


Grounding Systems 

Another similar situation one which 
involves extensive copper electrical 
grounding system rather that copper 
pipes. Figure shows normal potential 
profile newly installed, ungrounded 
coated steel pipe. can seen that al- 
most all the potentials are the range 
—600 —700 millivolts, condition 
which accord with the previous 
statements. also interesting note 
that the “off the pipe” potentials are 
very nearly the same the “over the 
pipe” potentials. 


Figure shows another potential pro- 
file also taken along newly installed 
well coated pipeline similar environ- 
ment. However, this case, there 
extensive electrical grounding system con- 
sisting copper ground mats 50-foot 
intervals installed along the pipe and 
connected it. can seen that the 
potentials along this pipe are considera- 
bly less negative than they would nor- 
mally along coated pipe; all the 
potentials are less negative than —500 
millivolts and some locations the po- 
tentials are less negative than —300 mil- 
livolts. addition, can seen that 
the “off the pipe” potentials are consid- 
erably less negative than the “over the 
potentials. 

The low negative potential level and 
the lateral potential gradients are di- 
rectly attributable the copper ground- 
ing system and indicate severe bi- 
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metallic corrosion condition. fact, the 
condition this plant was severe that 
leaks developed within the first year 
operation despite the fact that the pipe 
was extremely well coated and had been 
backfilled with sand. Indeed, the very 
good coating doubt contributed the 
rapid development leaks because all 
the current generated this bi-metal- 
lic couple was concentrated flaws 
the coating. 


Steel Gas and Water Lines 


the examples given thus far. 
possible that the effect 
copper could have been anticipated 
without having complete knowledge 
the potential pattern. The next example, 
however, describes situation which 
similar bi-metallic corrosion pattern 
but where there copper present. 
This example involves group steel 
gas and water lines which run among 
group school buildings. Leaks occurred 
these pipes within the first year and 
these leaks were attributed the very 
corrosive soil whose resistivity 
than 1000 ohm-centimeters. However, 
potential measurements taken the gas 
and water lines were all the range 
—350 —450 millivolts. the corro- 
sion activity was one straightforward 
galvanic action resulting from the cor- 
rosiveness the soil, these potentials 
would considered very cathodic and 
therefore, not indicative very corro- 
sive condition. Therefore, was difficult 
reconcile the very severe corrosion 
history with the apparent cathodic poten- 
tials. 

Because the soil this location very 
alkaline, somewhat lower potentials than 
normal would expected. However, the 
very low negative potentials this site 
could not entirely attributed the 
alkaline soil. More detailed investigation 
found that the low potentials the gas 
and water lines were caused 
radiant heat piping under each the 
buildings. Although the radiant heat lines 
were also steel, they were installed 
concrete, and the normal potential 
steel concrete more nearly —200 
millivolts rather than —500 —600 
millivolts. The electrical coupling the 
gas and water lines the soil the 
radiant heat lines the concrete, (there 
are common structural connections the 
boiler room) makes the potential the 
gas and water lines less negative than 
normal. These gas and water lines thus 
behave the anode mechanism 
which similar bi-metallic couple. 
The conditions which made this couple 
particularly severe where (1) the low 
resistivity soil, (2) the proximity the 
gas and water lines the radiant heat 
lines, and (3) the fact that the area 
the gas and water lines small com- 
pared the area the radiant heat 
lines. This area relationship was made 
still worse reason the fact that the 
gas and water lines were coated. 

The examples given show the manner 
which pipe-to-soil potential measure- 
ments can used analyzing corro- 
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sion problem. These examples further 
show the need for learning much about 
the structure under investigation 
possible, and about any other structures 
which are the area. 

The gathering accurate 
cient information about the physical 
characteristics underground struc- 
ture cannot overemphasized. 
obvious that this information essential 
for proper evaluation, but often 
found that the gathering this informa- 
tion one the more difficult parts 
corrosion engineer’s job. would 
appear that there some sort un- 
written law which makes mandatory 
forget all about given structure once 
installed and buried. The corollary 
this law one which states that the 
information available about given 
underground structure inversely pro- 
portional its age. 


Potentials and Cathodic 
Protection 


The pipe-to-soil potential measurement 
has been established corrosion engi- 
neers standard for determining the 
degree cathodic protection under- 
ground metallic structures.? Various cri- 
teria for protection have been promul- 
gated; the two most often used for steel 
structures are: (1) the achievement 
—850 millivolts, and (2) the production 
change 300 millivolts. There has 
been and still considerable controversy 
regard universal criteria for pro- 
tection, although there general agree- 
ment that cathodic protection achieved 
when all the cathodic areas given 
metallic surface are polarized the open 
circuit potential the anodic areas.* 
The controversy regarding universal 
criterion for protection probably exists 
because the exact potential which the 
cathodes polarize the open circuit po- 
tential the anodes often difficult 
ascertain the field. The establishment 
the two criteria indicated at- 
tempt simplify the problem that the 
determination protection can made 
quickly and easily. should pointed 
out that irrespective the arguments 
which can advanced for the use 
any given criterion, criterion should 
applied without complete apprecia- 
tion the corrosion mechanism one 
attempting control. 

For example, the use the criterion 
which calls for change 
300 millivolts would not valid 
situation where couple 
influences the natural potential the 
steel more than 300 one 
the previously discussed examples 
which the potentials the gas service 
lines housing development were 
the range —200 —300 millivolts, 
the application current achieve 
potential change 300 millivolts would 
reduce the bi-metallic corrosion effect, but 
would not provide full 
tection. the other hand, there 
galvanized pipe present piping net- 
work, the use —850 millivolts 
criterion may not valid. 

After criterion has been established 
for particular problem, the placement 


the half-cell must also given con- 
sideration. well coated, cross coun- 
try pipeline the placement half-cell 
not critical. the coating high 
quality, the potential measured with the 
half-cell placed away from the pipeline 
will substantially the same 
measured over the pipeline. This phe- 
nomenon often used determining the 
quality pipeline coating. Thus, when 
cathodic protection current applied 
well coated pipeline, the measure- 
ment taken with half-cell placed 
feet from the line approximately the 
same the measurement taken with the 
half-cell placed over the line, the pipe 
coating that location intact. there 
tion compared measurements taken 
other locations, fault the coating 
that location indicated. 

bare pipeline the placement 
the half-cell often very critical 
determining the degree cathodic pro- 
tection. When protection applied 
bare pipeline, the location the least 
negative potential directly over the 
pipe. the half-cell moved away from 
the line, there increase the nega- 
tive potential because the drop 
the soil. Therefore, establishing cri- 
terion for bare pipes and testing for 
that criterion, the placement the half- 
cell primary consideration. 

Although has been argued that the 
venting corrosion, there doubt 
that the inclusion drop meas- 
urement does not give true indication 
the polarized potential particular 
structure. One method which has been 
used successfully for eliminating drop 
and for making the placement the 
half-cell less critical, the one which 
measurements are taken with the cathodic 
protection system de-energized. Thus, the 
system allowed operate until the 
structure has polarized and then measure- 
ments pipe-to-soil potential are taken 
with the system momentarily off. 


Summary 


has been shown how pipe-to-soil 
potential measurements are used dis- 
tinguishing between stray current corro- 
sion and galvanic corrosion. General rules 
have been given for the interpretation 
evaluating corrosion problem non- 
stray current area. Although the rules and 
statements given are not presumed 
applicable any and all conditions, 
they are used together with the other 
standard measurements and with com- 
plete appreciation conditions, most 
corrosion problems can evaluated suc- 
cessfully. 
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DISCUSSION 
Question Lawrence Pietila, Union 

Carbide Plastics Co., Bound Brook, 

New Jersey: 

Will you please give more details 
the facts over line versus lateral (off 
line) potentials? 

How could they applied 16- 
inch cast iron, bell and spigot water 
line 8-feet underground detect corro- 
rosion conditions? 

How far away are lateral measure- 
ments made? 


Replies Husock: 

The questions presented are very well 
taken and open area which was 
not considered within the scope the 
paper. This area would involve discussion 
the mechanics taking valid pipe-to- 
soil potential measurements, and dis- 


Any discussion this article not published above 


those mechanics could very 
likely made subject another com- 
plete paper. .This discussion would at- 
tempt answer questions spacing 
between measurements and distance 
which lateral measurements should 
taken. These considerations are governed 
the problem and the information 
the engineer attempting obtain, and 
would difficult give specific rules 
without knowledge these factors. 
can only said this time that lateral 
measurements are usually taken 
distance anywhere from 100 feet 
from the pipe; very often more than 
one lateral measurement taken and 
many cases these measurements are taken 
both sides pipe. 


The problems involved analyzing 
potential measurements cast iron 


will appear December, 1961 issue. 
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pipe with bell and spigot joints are much 
more complex than measurements taken 
steel pipe with welded joints. The 
first factor considered cast 
iron pipe the electrical continuity 
the joints. often found that bell 
and spigot joints have high electrical 
resistance. this the case, the pipe 
would behave group segregated 
sections pipe wherein the potential 
one section would have little influence 
the potential another section. ad- 
dition, should noted that when cast 
iron pipe corrodes graphite residue 
remains. Graphite electro-chemically 
positive with respect steel. Therefore, 
very corroded cast iron pipe, 
not unusual measure potentials very 
low negative value, and some instances 
positive potentials have been reported. 


NACE Guide for Preparation Articles for Publication 


Persons interested submitting articles corrosion for publication CORROSION can obtain upon 


request copy the “NACE Guide for Preparation Papers.” Write CORROSION, National 
Association Corrosion Engineers, 1061 Houston Texas. 
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Use Differential Thermal Analysis 
Exploring Minimum Temperature Limits 
Oil-Ash 


NORMAN PHILLIPS and CHARLES WAGONER 


Introduction 


ORROSION superheater tubes 
and hangers oil-ash serious 
problem oil-fired boilers. The extent 
corrosion and the variables involved 
were investigated means pilot 
furnace program.! Since corrosion as- 
sociated with the presence liquid 
was necessary determine the lowest 
metal temperature which the ash de- 
posit could exist liquid. This critical 
temperature defines the condition for the 
initiation corrosion and may vary with 
the ash composition. 

Differential thermal analysis was 
chosen study the melting and freezing 
characteristics deposits because 
unique method obtain thermal data 
with high degree accuracy using 
small samples. Work the authors using 
this technique significant 
information concerning the minimum 
temperature which liquid oil-ash can 
exist. 


Differential Thermal Analysis 
Method and Equipment 


Differential Thermal Analysis (DTA) 


method for observing the transitions 
and reactions that substance undergoes 
heating cooling. The substance 
under investigation and 
ence material, separate crucibles, are 
placed furnace and heated cooled 
thermal reaction (e.g. fusion, freezing, 
decomposition) takes place the sample, 
temperature difference will found 
between the sample and 
material. This temperature 
measured means double-junction 
differential thermocouple, one junction 
which contact with the sample 
and the other with the reference ma- 
terial. 

The DTA equipment constructed 
The Babcock Wilcox Research Center 
modification the apparatus de- 
electrical furnace, sample holder and 
attachments, program controller, dif- 
ferential recorder, and furnace tem- 
perature recorder. the 
equipment shown Figure and 
schematic drawing the essential meas- 
uring components shown Figure 

Platinum crucibles supported re- 
fractory base are used contain the 
reference material, usually calcined 
alumina, and the sample. 

The program controller 
tional type capable controlling the 


* Submitted for publication February 24, 1961. 
A paper presented at the 17th Annual Con- 
ference, National Association Corrosion Engi- 


neers, Buffalo, New York, March 13-17, 1961. 


Abstract 


Benefits gained from the use 
higher steam temperatures 
boilers warranted laboratory investiga- 
tion oil-ash corrosion superheater 
alloys. The laboratory 
the use differential thermal analysis 
techniques and pilot plant corrosion tests. 
With ‘ferential thermal analysis, solidifi- 
cation temperatures lower than meltins 
temperatures were observed for actual an 
synthetic oil-ash deposits. This temperature 
difference was correlated with oxygen ab- 
sorption. was found 
which could liquid and probably cor- 
rosive metal temperatures low 
895 relationship was presented 
correlate fuel and deposit compositions. 
using the DTA technique, magnesium 
oxide-vanadium pentoxide reactions were 


studied. 4.2.3, 7.6.4 


degrees per minute 2900 

The low-level signal from 
num-platinum percent rhodium differ- 
ential thermocouple fed through 
preamplifier and then the recorder, 
while the signal from the reference ther- 
mocouple sent directly the recorder. 
The reference temperature and signal 
are simultaneously recorded for ease 
interpreting the inflections. six-point 
selector switch the preamplifier con- 
trols the sensitivity. Sample heat effects 
equivalent little 1.4 calories can 
detected. automatic pen shifter 
incorporated the recorder circuit 
index the pen center-scale 
driven off scale. thermal reaction peak 
can always recorded without the nec- 
essity constant attention the op- 
erator. 


Liquid Phase Study 


While undertaking differential ther- 
mal analysis program study additive- 
ash reactions occurring 
rosion work, was observed with DTA 
that differences occurred between melt- 
ing and freezing temperatures the 
sodium vanadate compounds being used. 
The freezing temperatures obtained were 
significantly lower. example 
DTA chart showing this given Fig- 
ure Since deposits occurring boilers 
ash from high temperature gas streams, 
knowledge the presence liquid ma- 
terial lower temperatures 
cated the usual melting point deter- 
minations important for predicting the 
occurrence corrosion and fouling. Con- 
sequently, laboratory investigation was 
undertaken explore this phenomenon 
more fully. 


Table contains selected melting point 
values reported from several sources for 
the specific vanadium compounds 
considered. this paper the compound 
designations used Foster, Leipold, and 
for the sodium vanadate com- 
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pounds were followed. They are for 
NaVO,, NV, for and NV, 
for 

For laboratory work, stoichiometric 
mixtures sodium sulfate and vanadium 
pentoxide were chosen study the fusion 
reactions and resulting sodium vana- 
date compounds. After fusion the mix- 
tures, sulfur was found remaining 


Figure 1—Differential thermal analysis apparatus. 
Code Numbers follows: 1—Controller, 
Recorder, 3—Furnace, 4—Timers, 5—Pre-Am- 
plifier, 6—Sample. 
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SAMPLE 


PLATINUM 


REFRACTORY 
ENCLOSURE 


DIFFERENTIAL 


TIME 


TEMPERATURE 


Figure 2—Schematic drawing ditferential thermal analysis apparatus. 


the final compounds. This 
vides means duplicating actual 
boiler deposits and obtaining correlations 
with published information. 

sample the desired 
mixture was heated the DTA furnace 
was observed that melting was asso- 
ciated with the reaction sodium sulfate 
and vanadium pentoxide producing broad 
differential peaks. The apparent melting 
points during reaction are shown 
Table for NV, and NV,. 

When the mixtures were reheated 
the DTA apparatus, lower melting tem- 
peratures were obtained. Additional heat- 
ing cycles did not produce significantly 
different melting data. 
hand, the solidification temperatures are 
agreement when obtained after the 
first reaction repeated heating cycles. 
These melting tem- 
peratures for the vanadium compounds 
and pure sodium sulfate are presented 
Table shown that the liquidus 
temperatures are lower cooling than 
heating. 


Oxygen Absorption and 
Solidification Temperatures 

This difference between the liquidus 
temperatures obtained heating and 
cooling sodium vanadates believed 
dependent upon the oxygen absorp- 
tion capacity liquid ash described 
Cunningham and They 
reported oxygen absorption sodium 
vanadate melts and the release the 
absorbed gas during These 
findings were verified the use the 


REFERENCE 
MATERIAL 


FURNACE 


TIME 


SAMPLE 
TEMPERATURE 


TEMPERATURE 
DIFFERENTIAL 


600 


MELTING 
TEMPERATURE 
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ENDOTHERMIC 
TEMPERATURE DIFFERENTIAL -MICROVOLTS 


-50 +50 


TEMPERATURE 


DIFFERENTIAL 


FREEZING 
TEMPERATURE 


SAMPLE 
TEMPERATURE 


800 1000 1200 1400 


TEMPERATURE 


Figure 3—Diagram of a differential thermal analysis chart from a superheater 


Leitz heating microscope examine 
melting and freezing characteristics. Gas 
graphs taken the Leitz furnace. Visual 
evidence the oxygen release during 
solidification shown Figure 


Cunningham and Brasunas also re- 
ported that the absorption capacity 
varied with the 
sodium sulfate mixtures tested. The tem- 
perature difference between melting and 
freezing was found different for 
the various compounds tested. The mag- 
nitude this difference was also found 
related the oxygen absorption 
capacity the compound. Figure 
shows the correlation the oxygen ab- 
sorption capacity and melting-freezing 
temperature difference with ash com- 
position. 

The importance oxygen absorption 
with respect corrosion has been indi- 
cated tests Johnson® which 
observed that NV, produced percent 
loss stainless steel specimen 
oxygen atmosphere while only percent 
loss occurred nitrogen atmosphere. 
Therefore, ash deposits having this ab- 
sorption capacity are very corrosive 
normal combustion atmosphere con- 


taining excess air. 


deposit. 


Fuel-Deposit Relationship 

Since the ash composition critical 
with respect corrosion, both from the 
standpoint oxygen absorption capacity 
and freezing temperature, would 
value know the type deposit 
composition one could expect from 
given fuel. 

has been proposed’ that the deposit 
composition can predicted directly 
from the Na/V ratio the fuel fired. 
Analysis deposit samples from previous 
work the authors using pilot plant 
furnace! shows that this not always 
true. For example, Figure shows that 
the Na/V ratio tae deposit can vary 
from slightly less than the Na/V ratio 
the fuel much four times the 
fuel value. This variation appears 
dependent upon both the fuel compo- 
sition and the gas temperature the 
point deposition. Each data point rep- 
resents the average deposit analysis from 
five steam-cooled tubular specimens 
1200 metal temperature. 

The variation deposit composition 
from fuel values shown Figure indi- 
cates that the sodium-vanadium com- 
pounds boiler deposits are mainly 
NV,, NV;, and NV. Low sodium fuels, 
such washed oil, produce deposits com- 
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3. Rapid gas evolution at 1060 F 


Bubbles visible 1110 


Figure 4—Oil-ash superheater deposit containing mixture and exhibiting bubble formation from absorbed oxygen released during freezing; cooling 
rate 30 F per minute. Leitz heating microscope photographs, 25X. 


Source 


Bewden, Draper and Rowling® 
Canneri!® 
Niles and Sanders (Initial MP)? 


Cunningham and Brasunas (Phase Diagram)® 
N.R.C.B. 
Chapman, Leipold, and Shevlin’ 


TABLE 2—Apparent Melting Temperatures 

(°F) Determined Differential Thermal 

Analysis During Reaction Mixtures 
Na.SO, and V.0;* 


NV3 
1220 1140 


composition corresponds to compound 
isted. 


TABLE Temperatures (°F) Determined Differential Thermal Analysis* 


V205 NVo 


Heating Cooling | 


1220 


Heating 


NV3 


Na2zSO« 


Cooling 


1060 1040 1020 1040 


Heating 


Cooling Heating Cooling 


1020 1625 1625 


* Vanadate compounds made by the reaction of 


posed NV,. High sodium fuels form 
deposits tending toward mixtures 
and NV, and when insufficient vanadium 
present free sodium sulfate found. 
Chapman, Leipold, and re- 
port that tendency 
toward instability high temperatures 
due the volatility This would 
produce mixture and This 
was confirmed the present study when 
lated produce NV, was heated 
1500 for hours with stirring. The 
end product was mixture and 
NV,, identified X-ray diffraction. 
One can conclude that deposits from 
any residual fuel will contain some NV, 
Deposits from any but high 
sodium fuel will contain large quantities 


NV, and 


Deposit Composition and Corrosion 

Niles and have 
isothermal tests that fuels yielding de- 
posits containing NV, NV, are corro- 


Na2SO4 with V20s. 


sive above 1200 They also have shown 
that deposits are mod- 
erately corrosive 1500 Further 
proof the existence the highly 
corrosive NV, NV, compounds de- 
posits from wide range fuels has 
been found during corrosion investiga- 
tions with cooled specimens the pilot 
furnace. The fuels tested contained Na/V 
fuel ratios for the range NV, and 
NV, and were all corrosive metal 
temperatures 1200 fact, oil used 
for 1100 test had Na/V fuel 
ratio nearly equal and was corro- 
sive this temperature level. 


Chapman, Leipold, and de- 
scribe eutectic occurring between the 
compositions NV, and with 
melting point 1011 With differential 
thermal analysis, evidence this eutectic 
has been found. The solidification tem- 
perature determined DTA 895 
and this solidus evident mixture 
over wide range deposit composition. 
Hence, enough the eutectic formed, 


liquid ash could occur produce detec- 
table corrosion metal temperatures 
low 895 especially high gas tem- 
perature zones. The effect gas tem- 
peratures corrosion has been described 
previously the authors' and Figure 
shown for reference. 


support the proposed occurrence 
the eutectic boiler deposits, the dia- 
gram Figure shows differential 
thermal analysis chart superheater 
deposit. This deposit was taken from 
operating superheater which meas- 
urable tube diameter losses occurred 
metal temperatures below 1000 The 
DTA curves show the presence some 
liquid phase below 1000 which was 
not discernible normal ash fusion 
techniques. initial melting point 
1200 determined the Leitz heating 
microscope was agreement with the 
melting peak 1200 DTA. Thus 
DTA data can used indicate the 
minimum metal temperature which 
corrosion might anticipated. 
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Figure temperature difference (melting-freezing) and oxygen 
absorption with ash composition. 


Additive Mechanism 


The aim all investigators 
ducing eliminating corrosion the 
use additives has been produce 
high melting ash. This also implies the 
elimination all low temperature liquid 
phases. The testing DTA mag- 
nesium oxide (MgO) and vanadium 
weight showed that reaction occur- 
red between 1160 and 1210 
heating, and product resulted which 
melted 2100 and solidified cool- 
ing also 2100 with indication 
any low temperature phases. 

These data imply that minimum 
drive the reaction completion. The 
time required for this reaction appears 
the order 3-5 minutes. This 
agreement with the reaction time 
reported Niles and Sanders’. 

Indirect corroboration this reaction 
temperature has been obtained the 
pilot furnace tests with magnesia ad- 
ditives. Low temperature phases were 
identified deposit samples taken from 
surfaces that had not been over 1200 
Samples from 1300 surfaces showed 
the absence the low temperature 
phases. Similar results have been obtained 
for deposit samples from corrosion probe 
tests operating boilers. Thus the ad- 
ditive-ash reaction goes completion 
tube deposits only when the deposit 
temperature exceeds the reaction tem- 
perature. When the reaction temperature 
not exceeded, corrosion reduction oc- 
curs primarily mechanical dilution 
the ash with additive. 

Since many applications commercial 
practice using additive corrective 
measure are treating deposits surfaces 
below 1200 can seen that the 
usual end result with additive 
reduce the amount liquid corrosive 
medium the tube surface. This may 
help explain the inconsistent results 
some field tests additives. Therefore, 
mechanical dilution not desirable 


Figure 6—Change of “ 


the complete elimination liquid 
chemical reaction eliminate corrosion. 

However, even the benefit from me- 
chanical dilution partial reaction 
the additive appreciable, shown 
the additive curve Figure these 
pilot furnace MgO used rates 
Mg/V weight reduced the cor- 
rosion 1200 metal temperatures 
less than that obtained 1100 metal 
temperatures without additives. The fuel 
used for these tests contained 150 ppm 
vanadium, ppm sodium, and 2.5 per- 
cent sulfur. 

Summary 


Solidification temperatures lower than 
melting temperatures much 125 
degrees have been observed DTA 
for reaction products. This 
temperature difference has been corre- 
lated with oxygen absorption the 
liquid ash. The difference between melt- 
ing and freezing temperatures signifi- 
cant with respect high temperature 
corrosion due the fact that corrosion 
can produced liquid ash present 
temperatures lower than indicated 
melting point determinations, the criteria 
universally used prior this time 
define the first appearance the liquid 
state. The lower freezing temperature 
ash very significant boiler operation 
because boiler deposits occur result 
solidification liquid ash from hot 
gases the surfaces. 

Through DTA, eutectic has been 
found that can produce measurable cor- 
rosion metal temperatures low 
895 especially occurring high gas 
temperature zones. This defines the mini- 
mum metal temperature for the start 
oil-ash corrosion. 

has been shown that the Na/V value 
deposits can different from the 
Na/V value the fuel. relationship 
for this difference shows the correlation 
between the deposit value and fuel value 
with gas temperature and provides 
means estimate given boiler deposit 
composition. 

Corrosion reduction can effected 


ratio from fuel deposit gas temperature; speci- 
mens 1200 


WEIGHT LOSS-Mg/SQ DECIMETER/ DAY 


GAS TEMPERATURE-F 


Figure 7—Temperature influence corrosion. One- 
hundred hour tests alloys 304, 316 and 321; oif 
contained 150 ppm ppm Na, 2.5 percent 


using additives such magnesium 
oxide. Alloys 1200 metal tempera- 
ture show less metal loss when additive 
used than 1100 without additive. 


The chemical reaction between mag- 
nesium oxide and vanadium pentoxide 
1210 and the product has melting 
and solidification temperatures about 
2100 When using additive with 
deposit temperatures below the additive- 
ash reaction temperature, corrosion 
reduction obtained primarily me- 
chanical dilution. When metal and 
deposit temperatures exceed the neces- 
sary reaction temperatures, corrosion 
reduction improved the additive-ash 
reaction which forms high freezing, 
non-corrosive product. 
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DISCUSSION 
Question Walter Mueller, 3420 
University Montreal, Quebec, 
Canada: 


the presence elementary oxygen 
necessary condition rapid corrosion 
reducing atmosphere very corro- 
sive also? 


Reply Norman Phillips: 


The presence absorbed oxygen 
the liquid melt believed contribute 
the rapid oxidation oxidizing 
atmosphere. The corrosion produced 
the sulfur the ash separate prob- 
lem. For the oil-ash system the presence 
ably also corrosive due the re- 
actions sulfides formed from the 


sulfur the flue gas. 


donald St., Toronto Ont., Canada: 
you feel that corrosion reported 
980 was due presence molten 
film metal due condensation 


Any discussion this article not published above 


will appear December, 1961 issue. 
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from hot gas streams? 
The reported corrosion rate mpy 
appears rather low for 
tinuous attack. 


Reply Norman Phillips: 

feel that molten film could 
present 980 depending upon 
deposit composition. This 
can cause continuing corrosion. The 
corrosion dependent upon the com- 
bination gas temperature and 
temperature. 

The mpy corrosion rate quoted 
the talk was average value determined 
tube operating 980 metal tempera- 
ture and about 2200 gas temperature. 
Since oil-ash corrosion generally 
pitting type attack, the actual corrosion 
rate occurring pit locations could 
much greater. However, this mpy rate 
excess the normal oxidation rate 
the alloy the temperature con- 
ditions and would shorten the life 
superheater tube operating high pres- 
sures. 
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Zinc Filled Inorganic Coatings 


Report NACE Technical Unit Committee 
Protective Coatings for Resistance 

Atmospheric Corrosion; Prepared 

Task Group Zinc Filled Inorganic Coatings 


Foreword 


OMMITTEE T-6B was organized 

for the purpose assembling and 
disseminating the corrosion engineer 
factual data the characteristics, per- 
formance and limitations the various 
generic types materials that are suc- 
cessfully used protective coatings for 
resistance atmospheric corrosion. 
Every attempt has been made fac- 
tual the coverage application and 
use data; nevertheless, should rec- 
ognized that compounding formulations 
inorganic organic materials for 
coatings enhance detract from their 
inherent corrosion resistance characteris- 
tics. Under such circumstances, these re- 
ports must viewed showing aver- 
age properties only. The possibility 
changes chemical and physical char- 
acteristics products formulated 
various manufacturers should kept 

Definition 


Zinc filled inorganic coatings are 
unique that they are completely inor- 
ganic composition. Since they contain 
resins, plasticizers drying oils, they 
represent completely different ap- 
proach the art formulating chemi- 
cally resistant coatings. 


Use and Summary Properties 


general, the properties the zinc 
filled inorganic coatings represent com- 
posite the properties fused ce- 
ramic and hot dip galvanizing. The films 
are outstanding their resistance se- 
vere weathering conditions, alcohols, sol- 
vents and services involving extreme 
abrasion. These properties have led 
widespread industry acceptance, particu- 
larly the chemical, petroleum and ma- 
rine industries. Their principal limitation 
their inability withstand exposure 
strong mineral acids and alkalies. 


The zinc filled inorganic coatings were 
developed overseas approximately twenty 
years ago and first made their appear- 
ance the United States approximately 
ten years later. All formulations cur- 
rently marketed contain heavy loading 


Belue, Jr., Champion Paper and Fiber 
Co., Hamilton, Ohio, chairman. 


®F, Parker Helms, Union Carbide Chemicals Co., 
Texas City, Texas, Task Group chairman. 


zinc pigment sodium silicate ve- 
hicle. 


Storage Life 

Zinc filled inorganic coatings are nor- 
mally packaged three separate com- 
ponents: powder, reactive liquid, and 
curing solution. All have indefinite 
shelf life prior mixing. 


Precautions 

Most powder blends used formu- 
lating zinc filled inorganic coatings con- 
tain combined lead. While the concen- 
tration low, this toxic material 
and simple sanitary precautions must 
observed prevent contact with food 
products. Most curing solutions are for- 
mulated with alcohol vehicle which 
flammable. 


Forms Available 

For time, various zinc filled inor- 
ganic coating systems differed the pro- 
cedure for curing. While both acid and 
alkaline curing solutions were offered 
for period, most formulators have 
standardized acid base material. 
Competitive products currently available 
differ primarily the metal loading 
offered per gallon and the nature the 
acidic component used effect 
insolubility. The high metal loading 
products this type results the for- 
mation very dense film which has 
outstanding resistance the transmis- 
sion oxygen, water and ions. 


Resistances 


Water and Moisture 


Zinc filled inorganic coating films have 
shown the ability resist high humidity 
and splash and spray water more 
less permanent basis. However, they 
are not suitable for continuous salt sea 
water immersion service. Since they con- 
tain zinc which has greater solution 
potential than steel, and the silicate 
matrix conductor electricity, the 
films gradually disintegrate constant 
immersion. 

Tentative life expectancy data have 
been developed for this type service. Un- 
less supplemented cathodic protection 
overcoated with suitable organic top- 


ONAL 


NACE TECHNICAL 
COMMITTEE REPORT 
Publication 


Abstract 


This report considers detail the uses 
of, corrosion resistance of, and application 
of, zinc filled inorganic coatings. 
ments which these coatings were exposed 
and evaluated include water and moisture, 
acids, oxidizing agents, alkalies, and sol- 
vents and oils. Properties applied 
coatings considered include temperature 
limitations, impact and abrasion resistance, 
aging, toxicity and odor, weight, electrical 
adhesion and gloss retention. 
discussed connection with ap- 
plication include coverage, flammability and 
toxicity, surface preparation, drying time, 
curing, baking, inspection and compatibil- 
ity. 

Total material cost for zinc filled inor- 
ganic coating systems ranged from eight 
ten cents per square foot. 5.4.2 


coating such vinyls epoxies, zinc 
filled inorganic coatings have shown 
life expectancy sea water immersion 
approximately months. Since the 
films are conductive, they contain reac- 
tive metal and tend into solution 
when immersed, they cathodically pro- 
tect any bare areas metal which 
they are electrically coupled. Tests have 
indicated that the rate dissipation 
varies with the ratio coated un- 
coated surface. For example, the ratio 
uncoated steel immersed and electri- 
cally coupled coated steel 20:1, the 
life expectancy the film reduced 
approximately 1/100 the life expec- 
tancy all surfaces were coated. The 
zinc filled inorganic coatings overcoated 
with organic systems, such vinyls which 
exhibit low moisture vapor transmis- 
sion rate, are quite likely the 
manent systems developed date for 
immersion service. 

Available data indicate that the life 
expectancy the zinc filled inorganic 
coatings fresh water immersion serv- 
ice exceeds five years. 


Acids, Oxidizing Agents and Alkalies 


Since all zinc filled inorganic coatings 
contain zinc, they are not suitable for 
service organic acids, inorganic acids, 
fatty acids, strong oxidizing agents. 
Alkaline resistance the coatings 
limited. Some alkaline materials such 
ammonia tend improve the properties 
the film. However, others, notably so- 
dium hydroxide and potassium hydrox- 
ide, which form water soluble silicates 


with the coating matrix, tend dissolve 
the film. 
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Solvents and Oils 


The zinc filled inorganic coatings are 
perhaps unexcelled their ability 
withstand exposure solvents, oils, and 
the full range finished petroleum 
products. They are unaffected 
phatics, aromatics, ketones, alcohols, 
most chlorinated hydrocarbons. Materials 
the last class, such trichloroethyl- 
ene, have effect the film when the 
chlorinated material kept bone 
dry condition. However, exposed 
air, such trichloroethylene de- 
greaser, some release chlorine takes 
place with the production hydro- 
chloric acid the interface the liquid. 
The released hydrochloric acid detri- 
mental the film and will result 
failure the coating film the inter- 
face. 


Properties Applied Coatings 


Temperature Limitations 

The temperature limitation the zinc 
filled inorganic coatings varies with the 
exposure. dry exposures the materials 
are generally effective 700 The 
same temperature limitation applies 
immersion oils When 
continually immersed water, the max- 
imum temperature limit 140 


Impact and Abrasion Resistance 

Zinc filled inorganic coating films are 
tough and extensible enough follow 
the contour steel subject the normal 
expansion and contraction. They are not 
subject shattering under impact. Most 
observers report that the zinc silicates 
are somewhat superior commercial hot 
dip galvanizing the properties 
abrasion resistance and adhesion. The 
improved abrasion resistance can at- 
tributed the presence combined 
silicates the film. Microscopic studies 
the interface between zinc silicate 
coatings and base indicate that 
these materials obtain some degree 
chemical well mechanical adhesion 
the surface. The coatings have 
film strength such, and this property 
combined with their high order ad- 
hesion metal surfaces accounts for the 
outstanding resistance this 
materials underfilm corrosion. 


Aging 

commonly agreed that inorganic 
zinc filled inorganic coatings unaf- 
fected weathering. Unlike organic 
materials, the zinc filled inorganic coat- 
ings actually continue cure and tend 
improve following prolonged exposure 
the atmosphere. This property par- 
ticularly apparent the improved hard- 
ness and abrasion resistance weathered 
films. This phenomenon 
stood; however, the film improvement 
observed probably results from 
crease the degree cure the ma- 
terial which occurs following exposure 
carbon dioxide the atmosphere. 
aging, the films develop white encrus- 
tation which results from the formation 
basic zinc carbonate the surface 
the coating. 
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Toxicity and Odor 

Properly cured films are non-toxic; 
however, some contain small amount 
combined lead and thus should 
used with caution around reactive food 
products. The zinc filled inorganic coat- 
ings have odor even though most cur- 
ing solutions are characterized the 
odor alcohol. 


Weight Applied Coatings 

The weight the applied zinc filled 
inorganic coating approximately 114 
134 ounces per square foot. 


Electrical Properties 

The applied and cured zinc filled in- 
organic coating film conductor 
electricity although many cases 
relatively poor conductor. The films 
have the property cathodically pro- 
tecting small holidays which result from 
either misapplication extreme abra- 
sion. 


Adhesion 

Properly cured zinc filled inorganic 
coatings, class, have unsurpassed 
adhesion properly prepared mild steel 
described the number 10, the ad- 
hesion aluminum and cast iron sur- 
faces would described the num- 
bers and respectively. The materials 
have adhesion wood, any 
the noble semi-precious metals. They 
will adhere satisfactorily concrete. 


Gloss Retention 

Cured zinc filled inorganic coating 
films have gloss and are character- 
ized light gray color closely resem- 
bling that weathered hot dip galvan- 
izing. Since they contain 
materials, they not oxidize with age 
and, hence, display excellent 
tention. The coatings have little, any, 
decorative value. 


Application 
Coverage 
Zinc filled inorganic coatings display 
coverage approximately 200 250 
square feet per gallon when applied 
flat surfaces. 


Flammability and 


Zinc filled inorganic coatings are both 
non-flammable and non-toxic. Most chem- 
ical curing solutions contain alcohol 
which non-toxic, but flammable. Such 
materials have flash point below 
and require red label. Care should 
exercised when spraying the curing so- 
lutions. Non-atomizing equipment fre- 
through overspray and the fire hazard. 


Surface Preparation 

Surface preparation requirements for 
zinc filled inorganic coatings are more 
critical than those for conventional coat- 
ings. The minimum requirement 
blasting white steel surface finish, con- 
dition No. recommended NACE- 
T-6G SSPC No. The coatings re- 
lease immediately from surface contam- 
inated with oil, grease, old paint mill 
scale. Since the films are relatively thin 
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selecting blasting grit which will not 
offer too deep anchor pattern. Sands 
and grit mesh are consid- 
ered optimum. Since this gradation 
more expensive than the mesh 
commonly offered industry, most zinc 
filled inorganic coatings applied date 
have been sprayed surfaces blasted 
with mesh sand. The coatings 
have performed well despite the fact that 
their thickness barely exceeds the maxi- 
mum anchor pattern depth secured with 
such grits. 


Application Methods 

Zinc filled inorganic coatings are ap- 
plied one coat using conventional 
pressure spray equipment. The spray 
guns should fitted with leather pack- 
ing and mastic springs. Since the mate- 
rials are quite heavy, they cannot 
lifted readily and the pressure pot should 
maintained approximately the 
same level the workmen. The high 
zinc loading and weight the mate- 
terial dictate the use agitator equipped 
pressure pots and short lengths 
inch fluid hose. 


Drying Time 

Following application the zinc filled 
inorganic coatings require approximately 
one hour complete the preliminary 
drying stage. Under adverse conditions 
high humidity and low temperatures, 
the initial drying time may extended 
several hours. 


Final Cure Before Service 

Following the preliminary drying 
stage which requires approximately one 
hour, zinc filled inorganic coating films 
are usually wet down with curing solu- 
tion render the material water insolu- 
ble. Most the zinc filled inorganic 
coatings should remain hours without 
water contact even 
can obtained within hour many 
cases. This time can reduced ap- 
proximately hours the addition 
second coat curing solution approxi- 
mately minutes after the first appli- 
The films generally develop 
enough hardness within the first hour 
drying, and even prior curing, per- 
mit handling with bare wire lines, chains 
and other construction handling equip- 
ment. Since the material water solu- 
ble, films must protected from free 
water during the interim between the 
coating application and the application 
mils thickness can cured the 
application one coat curing solu- 
require the application two coats 
curing solution completely penetrate 
the film and effect complete water in- 
solubility within hours. Films greater 
than mils thickness can cured 
only baking prolonged exposure 
the atmosphere. common in- 
dustry practice remove films this 
thickness 


Baking 
The applied zinc filled inorganic coat- 
ing films may also cured baking, 
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thus eliminating minimizing the use 
chemical curing solution. Baking 
usually the range 300 350 for 
one three hours. 


Inspection 


Recommended inspection procedure 
for zinc filled inorganic coatings consists 
checking the films for proper thick- 
ness and water insolubility. wet blotter 
absorptive paper about thick 
commonly used for the latter test. The 
procedure consists scoring the cured 
film with knife other sharp instru- 
ment. ink blotter piece absorp- 
tive paper which has been soaked with 
water then masked the surface over 
the scored area and permitted remain 
place for approximately two hours. 
The blotter paper then removed for 
inspection. the coating uncured, 
zinc dust will appear the surface the 
blotter paper. Another method 
field testing for degree cure 
scraping with knife blade using con- 
siderable pressure. interface zinc 
powder can found, the coating 
can flaked off, the film not com- 
pletely cured. 


Number Coats 

Zinc filled inorganic coatings are nor- 
mally applied one coat only for both 
interior and exterior services. Additional 
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coats may applied desired provided 
each coat cured individually and the 
curing solution removed prior over- 
coating. 


Film Thickness Mils 

Zinc filled inorganic coatings are nor- 
mally applied dry film thickness 
mils total. This thickness can 
secured with one application. 


Thinners Solvents 

thinner any kind should used 
with zinc filled inorganic coatings. Water 
the accepted solvent for cleaning ap- 
plication equipment. 


Compatibility 

Zinc filled inorganic coatings can 
overcoated with either inorganic or- 
ganic top-coatings following removal 
the curing solution residue. impor- 
tant select top-coating material 
which secures and maintains high order 
adhesion alkaline surface. Cold 
cured epoxy coatings, vinyls formulated 
from VMCH resins, coal tar epoxy ma- 
terials, phosphoric acid vinyl wash prim- 
ers, and asphaltics, have been found 
perform well over the zinc filled inor- 
ganic coatings. Preliminary data indicate 
that resistant organic top-coatings, such 
vinyl systems, display approximately 
twice the life expectancy when applied 
over zinc filled inorganic coating primers 


will appear December, 1961 issue. 
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when applied directly bare metal. 
This thought result from the elimi- 
nation underfilm corrosion well 
corrosion from pinholes 
Zinc filled inorganic coatings cannot 
applied over organic primers any 
type, and manufacturers discourage ap- 
plication over sandblasted surfaces 
treated with phosphatizing solutions. 


Experience Records 


Recommended applications fall into 
three general classes: permanent 
prime for chemically resistant organic 
top-coatings, interior lining for 
tankage, and weather resistant ex- 
terior coating for process, marine, off- 
shore petroleum production equipment, 
decks floating roof tanks, cooling tower 
piping and other steel surfaces exposed 
severe weathering conditions. Ideal ap- 
plications also include areas subjected 
mechanical abrasion well shop 
primer for steel equipment sub- 
jected rough handling. very sub- 
stantial quantity zinc filled inorganic 
coatings have been used for all the above 
services, and users report satisfactory 
performance the coatings for periods 
eight years. 


Cost 

The total material cost for zinc filled 
inorganic coating systems ranges from 
cents cents per square foot. 


Any discussion this article not published above 
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Application and Evaluation New Chemically Resistant 
Chlorinated Polyether Coatings 


Introduction 


ROGRESS chemically resistant 

coatings for corrosion control has 
been rapid recent years. This progress, 
many ways, has paralled advances 
polymer chemistry. Today, wide variety 
coating materials based high poly- 
mers polymerizable materials 
available the corrosion engineer. The 
selection any particular polymer will 
depend, large extent, upon the en- 
vironment which the coating 
exposed. the corrosion field, appear- 
ance either secondary not factor 
all. 

Corrosion often associated with 
chemical attack metal substrate. 
may overall attack, the case 
certain metals immersed aqueous 
uniform, attack involving electrochemical 
reactions between anionic and cationic 
areas the metal surface 
ments ions between these 


Protective coatings are generally em- 
ployed combat the latter type cor- 
rosion. The coating may protect the 
substrate preventing the movement 
ions and from the anionic and cationic 
areas, thus stifling the reaction. The most 
important environmental 
encing selection coating polymer for 
given end use are: the chemical nature 
the environment which the coating 
exposed, the temperature, and the ex- 
posure light. 


Corrosion resistant coatings must fulfill 
least the following requirements: 


(1) The coating must resistant 
variety chemical environments over 
useful temperature range. 


(2) Maximum strength, flexibility, and 
toughness are desirable. certain appli- 
cations, the coatings must withstand abra- 
sion, thermal shock, and other mechani- 
cal abuse. 


(3) The cost the applied coating, 
considered with its performance, must 
create economic incentive for its use. 


(4) The coating must either prevent 
passage materials that attack the sub- 
strate, prevent attack materials, 
such water and oxygen, that diffuse 
through the coating. 


One the most versatile polymers for 
the fulfillment these requirements 
available either pigmented unpig- 
mented form. This chlorinated polyether 


% Submitted for retention February 13, 1960. A 
aper presented at the 17th Annual Conference, 
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crystalline, thermoplastic with melting 
shown Figure Its high chlorine con- 
tent (45.5 percent) and closely packed 
crystalline structure contribute its un- 
usual chemical inertness and solvent re- 
sistance relatively high temperatures. 
The average molecular weight the 
light scattering methods, 250,000 
400,000. 

Several chlorinated polymers are well 
for their low order water 
vapor permeability and general corrosion 
resistance coatings. Unlike most other 
chlorinated polymers, exceptionally 
stable. The absence hydrogen alpha 
the chlorine makes dehydrohalogena- 
tion difficult, not impossible. This 
means that can molded and used 
temperatures which cause other halo- 
genated polymers, such vinyl chloride 
vinylidene chloride, decompose. 

Some the interesting physical prop- 
erties are listed Table 

Properties particular interest 
using coating are the melting 
point, elongation, 
(Table 2), abrasion (Table 
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Abstract 


The physical and chemical properties 
Penton, a chlorinated polyether, are re- 
viewed and related the properties 
required resistant coating 
material. the basis these properties, 
the polymer appears well suited for use 
corrosion resistant coatings. Application 
dispersion, and dry powder 
techniques are described. these proce- 
dures, tough, continuous, and adherent 
coatings can applied wide range 
film thicknesses. The properties and 
chemical resistance the applied coatings 
are discussed. 4.5 


3), melt viscosity (Figure 2), rates 
crystallization various temperatures 
(Figure 3), and high order dimen- 
sional stability (Figure 4). 

The melting point 358 which 
relatively high for thermoplastic, cou- 
pled with the thermal stability CP, 
means that the coating can used 
high temperatures. The low melt viscos- 
ity, again coupled with thermal stability, 
allows the polymer readily fused 
smooth, continuous, adherent coat- 
ing >400 

Elongation about 130 percent 
room temperature means that the applied 
coating can subjected grooving 
operations and will withstand good 
deal mechanical abuse (reverse impact 
shock, flanging, etc.). 

the chemical and abrasion resistance data 
highly resistant most organic and 
inorganic acids, alcohols, ethers, aliphatic 
and aromatic hydrocarbons, halogenated 
hydrocarbons, organic and inorganic salts, 
halogen vapors and solutions, esters, and 
ketones. Although the chemical resistance 
the bulk polymer cannot always 
directly related its performance 
coating, this versatility certainly suggests 
the application coatings ma- 
terial for use corrosive environments. 


Application Coatings 
Solution Coatings 
can easily applied thick, 
continuous, adherent film. Several meth- 


Figure 1—Structure poly [3, 
oxytane]. 
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ods application are available. date, 
however, solvents for room 
temperature have been found. ele- 
vated temperatures number mate- 
including cyclohexanone, glycol 
diacetate, isophorone, and diethylene gly- 
col monoethyl ether acetate, are solvents. 
These solutions, prepared low con- 
centrations and elevated temperatures, 
are stable for hours room temperature 
and can readily sprayed using con- 
ventional spray equipment. Sprayed coat- 
ings applied from single solvent are 
limited percent solids and 
about mil per coat single coats. 
Solutions containing percent 
solids more can dip knife coated. 

Cyclohexanone solutions are conven- 
ient for applying thin coatings for use 
such primers. Coatings applied 
from warm solution cyclohexanone 
may dried any convenient tempera- 
ture the boiling point cyclo- 
hexanone (312 F). crystallizes the 
drying film while substantial amount 
solvent still present. The resulting 
film is, therefore, somewhat weak. Fusion 
375-425 removes the residual solvent 
and results continuous, adherent 
coat. Solution coatings can applied 
metal, cloth, and paper. Applications 
such can linings, chemically resistant 
paper, cloth, and laminates are indicated. 


Dispersion Coatings 

Where higher degree protection 
required, thicker coat can 
conveniently applied dispersion 
coating. Finely divided (ground 
pass mesh screen**) available 
for this type application. can 
applied either from dispersion water 
organic 

The technique applying water dis- 
persions has been developed 
the Pfaudler Division Pfaudler- 
Permutit, This technique used 
commercially Pfaudler and several 
their licensees. 

Stable dispersions chlorinated 
hydrocarbons can made without added 
emulsifiers dispersants. the solvent 
has density near that the CP, 
settling creaming the dispersion 
minimized. blend 3:1, volume, 
trichloroethylene and methylene chlo- 
ride meets this condition. Dispersions 
containing 30-35 percent solids are low 
viscosity fluids that can readily 
sprayed conventional equipment. 

Because the relatively large particle 
size, few simple precautions must 

served prevent plugging the nozzle 


**Sold by Hercules Powder Company as Penton G. 


TABLE 1—Properties Chlorinated 


Polyether 

Crystalline Melting Point........... 358 F 
Tensile Modulus, psi at 73 F........ 50,000 
Ultimate Elongation, Percent 130 
Tensile Strength, psi 6000 
Hardness, Rockwell at 73 F......... R-100 
Heat-Distortion Temperature 

Deformation under Load pe pei, 


when dispersions are sprayed. Rela- 
large fluid nozzles, such 
DeVilbiss should used, with 
fluid pressure 1-3 psi. Atomizing air 
pressures should 30-40 psi. The spray 
technique should such that moist 
coating deposited. the coating 
too wet, may sag. too dry, the 
powder tends blow off the surface. 
With proper technique, single coats 
more mils thickness, after fusion, can 
applied, even vertical surfaces. The 
following procedure for coating steel 
aluminum with has been found 
give excellent resuts. 

(1) For steel: blast clean gray metal 
(aluminum oxide grit, 12-24 
recommended). Treat the steel with 


iron phosphate preparation, (e.g., Bonde- 
rite 1000). alternative treatment 
thin primer applied spray 
dip using the 5-10 percent solution tech- 
nique described above. The primer should 
then dried and fused for about 
minutes 375-425 For aluminum 
the solution primer technique 
ferred. 

(2) Apply one more spray dis- 
persion coats, fusing each coat for 1-2 
hours 400 20-30 minutes 450 
10-20 minutes 500 Although 
continuous, pinhole-free single coat can 
applied this technique, one 
more additional coats will insure freedom 
from coating flaws. Single coats will give 
film thicknesses 15-20 mils. 


TABLE 2——Chemical Resistance Plastic Moldings 


RATING* RATING* 
Acetaldehyde............. Xx Freon (R) F22 (Liquid). x 
Acetic Acid (10%).........| X Hydrobromic Acid ( 20%). xX 
Acetic Acid—Glacial.......| X Hydrochloric Acid (359 %).. X 
x Hydrochloric Acid (50%)...| X 
Acetyl Chloride........... xX Hydrocyanic Acid (10%)... x 
Alcohol—Butyl........... xX Hydrofluoric Acid (30%)...| X 
Alcohol—Methyl.......... xX Hydrofluoric Acid (60%). . = 
Aluminum Chloride........ xX Hydrofluoric Acid (100%). . xX 
Aluminum Fluoride........| X Hydrogen Peroxide (90%). . xX 
Ammonia (Gas)........... X Hydrogen Sulfide (Dry)... . xX 
Ammonia, Aqua (10% fs x Hydrogen Sulfide (Aqueous 
Ammonium Fluoride (22 5%) x x 
Aryl Sulfonic Acids... ..... Methyl Ethyl Ketone...... = 
= Nitric Acid (10%)......... xX 
Beet Sugar Liquors........ xX Nitric Acid (30%)......... P| es 
Nitric Acid (50%)......... x 
Bromine (Gas)............ |x Nitric Acid (100%)... ... xX 
Buty! x Perchloric Acid. (10%) . 
Xx Phenol (90%). . x 
Calcium Hydroxide........| X Phosphoric Acid (25%) . X 
Calcium Hypochlorite...... x = 
Carbon Dioxide (Gas). .... x Phosphorus Pentoxide. 
Carbon Tetrachloride...... xX xX 
Cashonie Acid. x Soap Solution............. x 
Caustic Soda: xX Sodium Ferricyanide.......| X 
Chlorine Water... .. x Sodium Hydroxide (30%). x 
Chlorosulfonic Acid (100%). |x Sodium Hypochlorite (25%)| X | _ 
Chlorox Bleach Solution - —|- 
. — Sulfuric Acid (60%). ..... xX 
Coconut Oil....... Sulfuric Acid (96%). ...... xX 
Cresylic Acid (50%)....... x Tanning Liquors.......... > ee 
Distilled Water........... xX Water—Acid Mine. .. xX 
Mehul Xx Water—Demineralized.....| X 
Fluorine. . xX Water—Salt......... 
Formaldehy de (37% x Water—Sewage........... xX 
Formic Acid (90%)........ x 


Freon (R) F22 (Gas) te 


* Explanation of Rating. 

a*—Resistant to corrosion up to 250 F, and in many 
cases even higher. temperatures above 250 are 
required, confirmation tests should be run du- 
plicating operating conditions.** 

a —Resistant to corrosion up to 220 F, and in 
many cases even higher. temperatures above 
220 are required, confirmation tests should run 
duplicating operating conditions.** 

b*t—Resistant to corrosion up to 150 F, and in 
many cases even higher. Corrosion tests should 
run temperatures above 150 are required.** 


b —Resistant to corrosion up to 80 F, and in 
many cases even higher. Corrosion tests should be 
run if temperatures above 80 F are required.* 

c —Resistant in many applications, but sdditional 
information regarding operating conditions is re- 
quired.** 

d —Not recommended. 

** In some instances, plastic discoloration, weight 
and dimension changes may occur, but this is not 
necessarily indicative of lack of serviceability. 
NOTE: More complete data are contained in ‘“‘The 

from the Hercules Powder Company. 
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TEMPERATURE, 
Figure 2—Melt viscosity—flow through tube. 


TABLE Abrasion Resistance** 


Volume Loss 

Polymer (cc. x 103) 
Nylon A (Swiss Caprolactam)..... 13 
Nylon B (Caprolactam)........... 15 
Nylon C (Nylon 6-6)............ 25 
Epoxy Molding Compound B..... 45 
Epoxy Molding Compound ye 81 
Poly (trifluoromonochloroethylene) . 159 
Styrene—Acrylonitrile Copolymer 

Hight Heat, High Imps ict, Rubber 

Modified Polystyrene........... | 642*** 


* M.A. Marcucci SPE Journal, 14, No. 2, 32 
(1958). 

** Data show the amount of material abraded 
by a rotating wheel driven at a constant speed and 
pushing against the polymer with a constant force. 
Test period 7 hours. 

*** Tested only 6 hours. 


TABLE 4—Chemical Resistance Coat- 
ings Untreated Steel (Laboratory Tests 
Films) 


Results* After 


Room 
Reagent Temp.** | 150 F** | 220 Fe 
| (6 Weeks) 
20% HCl | NE PLA PL 
36% HCl. PLA 
10% PLA PLA 
| (2 Weeks) 
CrOs.... NE PLA, CA CD 
HNOs.... PLA PLA PLA 
| (7 Days) 
Ethylene | 
Dichloride... .| NE PLA 
Wesson Oil... . NE NE NE 
5% Sodium | | 
Hypochlorite .| NE PALA 
Distilled Water PLA PLA PLA 


*Immersion in tubes in baths at temperature 
indicz 
‘A—Coating attached 
PL. A—Partial loss of adhesion 
NE—No effects apparent 
D—Coating destroyed 
S—Coating appeared softened 
Not tested 
** No effects on either the polymer or substrate 
except as noted. 


(3) After fusion the last topcoat, 
quench rapidly cold water. Quench- 
ing offers number advantages. 
glossier, better looking coating obtained. 
Exposure the polymer high tem- 
peratures minimized, particularly 
massive items that would cool very slowly 
the air, and the total cycle time 
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Figure 3—Rate crystallization for alpha and beta forms. 
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Figure 4—Dimensional stability of chlorinated polyether. 


reduced. The most important reason for 
quenching, however, overcome the 
strains that could develop the coating- 
substrate interface. The thermal coefficient 
steel and about times that alumi- 
num. the coated object cooled 
slowly, crystallization takes place 
high temperature form hard and 
rigid coating. Since the coating tends 
contract more than the substrate, strains 
will induced the interface. These 
strains affect the adhesive bond some 
extent. If, the other hand, the coated 
specimen cooled rapidly, the film re- 
mains soft and amorphous during the 
cooling operation and can yield avoid 
strains induced thermal shrinkage. 
Another factor related quenching 
the large temperature gradient 
film cooling slowly air. This gradient 
results different crystallization rates 
and degrees crystallinity within the 
film. Undesirable strains may set 
the coating well the coating- 
substrate interface. The amorphous film 
obtained quenching will crystallize 
few hours days room tempera- 
ture few minutes 150 Modi- 
fication the above coating procedure 


fit any particular plant 
possible. For example, the addition 
10-50 percent weight, based the 
polymer, high boiling solvent such 
glycol diacetate will 
duce the time and temperature fusion. 
Good film fusion can obtained 
minutes 400 and fusion tem- 
perature low 375 can used. 


Dry Powder Application 

The whirl sintering, fluidized bed, 
technique® another method applying 
relatively heavy coatings CP. Such 
systems offer 100 percent solids applica- 
tion, ease application complicated 
shapes, and thick, continuous films 
single coating operation. The metal ob- 
ject coated preheated and then 
deposit sugary, partially fused coating. 
The heat content some large metal 
pieces enough fuse the powder 
smooth film, but CP, because its 
relatively high melting point, usually 
requires additional heat fuse the film. 

The thickness the applied coating 
function the air flow through 
the bed, the movement the piece 
the bed, the temperature and heat capac- 
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TABLE Chlorinated Polyether Products 


SERVICE Temp., °F | Product | Installed* SERVICE Temp., °F | Product | Installed* 
Ambient to Oct. 1959 (13) Vinyl chloride, HCl, traces of 
2 1 year 7 chloroform and CCl4............... —20 Plug valve 
(2) Ethane + propane + 65% H2SOs. 0-120 Plug: Mf ve | Sept. 195 months 
months 180 months 
(4) Dilute (2—5%) H2SOs........... 60-160 Plug valve | Sept. 1959 (15) 32% HCl + cresylic acid and 2 
13 months 100 Plug valve | Sept. 1958 
(5) 43-45% HaSOe. ... Ambient Plug valve | Aug. 1959 oun 100, 150 Plug valve | Sept. 1958 
14 months 25 months 
- Ambient Plug valve | Jan. 1959 ~ 
(18) Sodium hypochlorite (2% 
(8) 2—10% HC1 + ethane + CCl... 160 Plug valve | June 1959 wn 180 Plug valve | Sept. 1958 
16 months 25 months 
—— eee (19) Sodium bisulfite (2%)............ 180 Plug valve | Sept. 1958 
(9) 1—3% HF + Nonyl phenol + ‘ 25 months 
pee 180 Plug valve | Mar. 1°60 (20) Potassium permanganate. ........ 180 Plug valve | Sept. 1958 
7 months 25 months 
(10) 1—3% HCI, orthodichlorobenzene, —|- 
110 Plug valve Aug. 1958 (21) and free wet 150 Plug valve June 1959 
months months 
(11) 40—60% Chlorinated product..... 175 Plug valve | Sept. 1958 (22) Full strength wet Cle............. 130 Plug valve | Feb. 1960 
4 25 months 9 months 
(12) 10% HCl + fumaric acid........ 120 Plug valve | April 1960 (23) Monochloroacetic Acid. .......... 280 Plug valve | April 1959 
6 months 18 months 
(24) Tetrachloroethane............... 150 Plug valve | June 1959 


16 months 


* The date of installation is given first followed by length of service at time of inspection. 


ity the metal and the flow properties 
CP. Polymer Corporation, and num- 
ber their licensees, are experienced 
the application fluidized bed coat- 

Several the recommendations made 
for spray dispersion coatings are often 
applicable fluidized bed coatings, but 
obvious differences the processing steps 
will arise. before, blast cleaning 
the metal and the use iron phos- 
phate treatment are recommended. 
solution primer will give im- 
proved adhesion, but limitations such 
primers must considered. 


the object coated requires 
long time reach the coating tempera- 
ture, the thin primer film will 
subjected excessive temperatures for 
too long and some polymer degradation 
would expected. 


The metal object coated pre- 
heated 400-650 The coating thick- 
ness usually greater the higher tem- 
perature. Normal fusion times and tem- 
peratures after coating are 30-60 minutes 
400 10-30 minutes 450 5-20 
minutes 500 and 2-5 minutes 
600 Quenching particularly im- 
portant for fluidized bed coatings. be- 
fore, the thermal coefficient expansion 
differential between the polymer and the 
metal substrate extremely important. 
With large metal parts, quenching 
very cold baths (e.g., controlled 
baths) usually desirable. 


Other means powder application 
besides the fluidized beds are becoming 
commercially important. These also in- 
volve contacting heated metal with the 
fusible powder. Examples 
coatings applied interiors, exteriors 
both. Equipment and licenses for coating 
application this technique are avail- 
able from Engelhard Industries. 


Performance Data 
Two sources data are available for 
determining CP’s usefulness for 
ticular application: extensive laboratory 
accelerated test data, and 


field service. Laboratory testing must 
always carried out small scale 
under carefully controlled conditions. 
Actual service conditions cannot 
closely controlled. The most serious prob- 
lem relating laboratory data per- 
formance lies selection testing 
methods and interpretation the results. 
Often coating materials which have mar- 
ginal substandard performance lab- 
oratory tests are perfectly satisfactory 
field service. The converse also true. 

Laboratory tests have been conducted 
coated steel and aluminum, par- 
tially immersed number reagents, 
room temperature, 150 and 212 
Criteria performance have been: 
attack the polymer, attack the sub- 
strate, and retention good adhesive 
bond between polymer and substrate. Un- 
pigmented polymer was used permit 
visual estimates attack the polymer 
and substrate. The initial adhesive bond 
properly applied coatings excellent. 
Measurements with tensile buttons gave 
values above 2000 psi. assess retained 
adhesion, qualitative test has been used, 
based scoring the metal with 
knife blade and attempting peel the 
coating with the blade. The relationship 
the results such test com- 
mercial usefulness uncertain. 

untreated sandblasted steel, 
coatings show partial loss adhesion 
when exposed dilute aqueous systems 
Table shows, this effect 
nounced elevated temperatures. The 
has not been fully determined. For ex- 
ample, coated plug valve has been 
service handling dilute HCl, 
and methyl isobutyl ketone from ambient 
temperatures 180 for months 
and still performing satisfactorily. The 
effect adhesion loss must considered 
terms the end use. 


number precoating treatments 
designed prevent loss adhesion and 
underfilm corrosion are being studied 


currently. iron phosphate treatment 
shows considerable promise laboratory 
tests. Zinc phosphate coatings, which 
contain more water hydration, appar- 
ently are unstable the temperatures 
used apply coatings. Reports from 
the indicate that coatings 
steel and aluminum, with undisclosed 
metal treatments prior coating, have 
withstood over 5000 hours exposure 
boiling water without significant loss 
adhesion. These same coatings showed 
little effect after exposure 
percent percent NaOH, and 
percent NaCl for 5000 hours 140 

Table lists some case histories 
coated products, with the tempera- 
ture ranges encountered and the date 
installation. Most these coatings were 
applied the fluidized bed 
The length service the inspection 
time also given. The coated valves 
were all performing satisfactorily the 
time inspection. This table shows that 
even dilute solutions HCl, and 
have had effect the perform- 
ance coated plug valves 
months service and temperatures rang- 
ing from ambient 200 


Conclusions 

The coating systems available to- 
day are highly resistant variety 
corrosive environments. Efforts de- 
velop even better systems are continuing. 
with other coatings, proper treatment 
the metal before application the 
coating all-important obtaining op- 
timum performance. 

polymer for protective coatings, 
offers desirable combination 
properties. The ease application 
thick coating, the wide range chemi- 
cal resistance, the economic advantages, 
and the retention properties ele- 
vated temperatures are particular 
interest the corrosion engineer. In- 
terior and exterior coatings for pipe, 
valves, storage vessels and other process 
equipment are suggested. Laboratory and 
tests have confirmed the 
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DISCUSSION 


Question Joseph Lichtman, Naval 
Materials Lab, New York Naval Ship- 


yard, Brooklyn, New York: 


the chlorinated polyether polymer 
after quenching amorphous state, 
‘would subsequent cold working cause 
revert the crystalline state? 
what would the effect the reversion 
the impact strength Penton? 


Amorphous chlorinated polyether can 
cold worked the sense that orienta- 
tion and crystallization can induced 
drawing stretching. The amorphous 
polymer soft and much more flex- 
ible than when crystalline. would like 
stress, however, that moldings 
coatings are not used the soft amor- 
phous state but only hard crystalline 
materials. The amorphous state desir- 
able coatings only during the time 
the fused coating and the substrate are 
cooling down, produce film with 
minimum built-in After 
cooling, the polymer crystallizes few 

While some degree cold working 


will appear December, 1961 issue. 


Vol. 


may possible with the crystalline 
polymer, this usually not important 
consideration with protective coatings. 


Question William Henderson, 221 
Woburn Ave., Toronto, Ont., Canada: 


Would the speaker comment 
low temperature embrittlement and the 
environmental stress cracking chlo- 
rinated polyether and how these factors 
might affect its performance coating. 


Chlorinated polyether has 
order transition glass temperature 
between and Below the glass 
temperature, the elongation markedly 
reduced, but still adequate for most 
coating applications. Resistance 
mal shock generally good. 
rinated polyether valve coating has been 
commercial use —20 for over 
months. 

Environmental stress cracking has been 
observed only rarely with these moldings 
coatings. few cases, stress crack- 
ing has been observed certain oxidiz- 
ing acid systems. The cracking can 
minimized annealing 160 
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Factors Involved Corrosion Lead Cable Sheath* 


Introduction 


USE lead piping ma- 

terial extends back into antiquity. 
Lead specimens have been excavated 
from ancient ruins and found 
good condition. more recent times the 
metal’s use cable sheath material 
has developed with the rise the elec- 
trical power and communications indus- 
tries. present, several hundred thou- 
sand miles lead sheathed cable are 
said installed above and below the 
ground. 


Lead amphoteric metal which 
under proper conditions will dissolve 
both acid and alkali solutions. Anderegg 
and found the solubility lead 
Figure Various papers have been 
published severally singly Pour- 
baix, Delahay, Van Rysselberghe and 
Van Muylder? the electrochemical be- 
havior lead using 
grams developed Pourbaix. From 
their more complicated diagrams they 
arrive Figure They state that this 
corrosion diagram indicates that the 
absence any passivating substances 
(e.g., substances forming adherent insu- 
lating films), any oxidizing action will 
cause corrosion except high potentials 
which correspond the stability 
(PbO too soluble give protection.) 
Furthermore, the absence complex- 
ing ions (e.g., tartrates) lead can 
cathodically protected its potential 
made more negative than the 
hydrogen scale acid and neutral solu- 
tions —0.3 —0.8v alkaline solu- 
tions, depending pH. These values 
correspond approximately —0.62 and 
—1.12v the copper sulfate scale. 
Other papers the same workers indi- 
cate cathodic corrosion potentials 
12.8. 


Causes Corrosion 


While these studies tend 
stake out the areas which corrosion 
thermodynamically possible, they not 
indicate the causes corrosion. All cor- 
nature and can illustrated the sim- 
ple cell, shown Figure anodic 
areas the lead, corresponding the 
zinc the dry cell, metal ions into 
solution and the metal said cor- 
roding. some other place the elec- 
trochemical circuit, hydrogen metal 
ions come out the solution corrod- 
ing medium shown the illustration. 
The corrosion current flows the metal- 
lic circuit back the anode. This 
further illustrated Figure which 


Submitted for publication February 1961. 
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COMPTON 


Abstract 


Factors involved the corrosion lead 
cable sheath are reviewed briefly. Topics 
discussed include effect of stray current, 
galvanic cells, ionic content soils, chem- 
ical corrosion, lead sheath contact with 
cinders, use of steel armoring tape, factors 
tests. Data reported include solubility 
lead in solutions of Me ge pH, electro- 
chemical behavior lead, and potential 
Pb-Sb cable sheath soils function 
pH. 7.7 


shows the negative electrode corroding 
when the energy source internal 
the dry cell, and the positive electrode 
corroding the anode when the energy 
source external, such the case 
stray current from trolley system. 


Stray Current 

Stray current shown causing corro- 
sion underground metal structure 
Figure this case the source the 
stray current street railway, but such 
sources are rapidly disappearing with the 
shift buses urban areas. increas- 
ing number cases trouble from 
stray currents from cathodic protection 
systems, shown Figure are being 
reported. This calls for coordination 
protection systems between users un- 
picture, however, the total amount 
corrosion damage from stray current 
decreasing. 


Galvanic Couples 


Nonstray current corrosion said 
caused galvanic couples cells. 
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Figure 1—Solubility solutions varying 
pH. 
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These are defined the Corrosion 
Handbook being made two dis- 
similar metals contact with electro- 
lyte two similar metals contact 
with dissimilar electrolytes. evident 
from this definition that the number 
combinations large. Fortunately, these 
combinations can grouped into gen- 
eral classes. 


One the growing causes corrosion 
lead cable sheath results from dissim- 
ilar metal couples. The cable sheath 
bonded other underground structures 
different metal such rusty steel 
copper water service pipes (for reasons 
protection). Fittings and supports for 
the cable well the bonding ribbon 
may dissimilar metals. Figures 
and show typical couples due dis- 
similar metals. Not well recognized 
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Figure 2—Electrochemical behavior lead. 
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Figure 3—Simple cell shows electrochemical nature 
of corrosion. 


the dissimilarity that may exist between 
what appears similar metals due 
surface differences. For instance, lead 
that has been exposed its environment 
for some time will develop heavy coat 
oxide. This oxidized lead will pos- 
itive aqueous environment fresh 
bright lead. Therefore, new cables 
are installed and connected older ca- 
bles, the newer ones will tend cor- 
roded. Similarly, areas where old cables 
have been scraped exposed bright lead 
will corrode shown Figure 


Content Soil 


Differences the ionic content soils 
lead differences the potential be- 
tween various sections cable de- 
picted Figure 10. some cases cables 
pass through sections soil having dif- 
ferent degrees wetness and aeration. 
Usually the corrosion develops 
area greatest wetness and lowest aera- 
tion. 
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PICKING 
CURRENT 
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EXTERNAL SOURCE POTENTIAL 


Figure 4—Effects of internal and external energy 
sources electrodes. 


most the above cases galvanic 
cells, the anodes may separated from 
the cathodes considerable distance. 
another class galvanic corrosion the 
separation may very small. One type 
that known differential aeration, 
typical example being shown Figure 
11. this example the separation the 
anodes from the cathodes 
bottom the pipe cable the sides 
top. cables lying ducts, the sep- 
aration may only small fraction 
inch, from the line contact the 
cable with the duct bottom silt line 
the area exposed oxygen. 


Chemical Corrosion 
Another type that known chem- 


ical corrosion. High concentrations 
chlorides, nitrates acids such acetic, 
may produce intense galvanic couples 
and cause rapid failure the sheath. 
The acetic acid may the form 
vapor which picked moisture 
films the sheath. severe case this 
occurred the West Coast where lead 
sheath was exposed the vapors creo- 
soted wood ducts. 


Contact With Cinders 


Corrosion couples lead sheath fre- 
quently result from contact with cinders, 
either directly through other under- 
ground structures. Figure shows ex- 
perimental setup made Robson and 
The weight loss the specimens 
clay approached very closely that cal- 
culated from the current flowing through 
the meter. Usually, the corrosion lead 
sheath cables results from the couple 
produced carbon particles the cin- 
ders contact with iron steel pipes 
which are turn bonded the cables. 
Such situation shown Figure 13. 
The cinder containing unburned 
coke and carbonized molding sand was 
contact with large water main 
which the telephone and power cables 
were bonded. Failures were experienced 
the lead sheathed cables and leaks de- 
veloped both the gas and water mains. 
Surface earth potential gradient surveys 
revealed large currents flowing from the 
lead sheathed cables through the earth 
the cinder fill. another instance, six 
telephone cables located conduit, 
passed through cinder fill approach 
bridge. Parallel ferrous pipes the cin- 
der fill were bonded the cables the 
bridge. All lead sheath cables 
manhole section nearest the bridge failed 
short time. These were replaced 
with polyethylene sheathed cables and 
now the lead sheathed cables the sec- 
ond manhole section are failing one 
one. Similar experiences have 
ported from many parts the country. 


Steel Tape Armoring 
far, emphasis has been placed 
the corrosion the lead sheath under- 
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Figure 7—Corrosion caused dissimilar 
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Figure 8—Couples caused from using dissimilar 
metals. 


Figure 9—Corrosion currents from freshly abraded 
lead to oxidized lead. 


CATHODIC 


ground buried cables. Buried un- 
derwater cables frequently are armored 
with steel tape wire wrapped spirally 
around the cable, usually over layer 
fibrous material impregnated with 
bitumen. The steel may may not 
galvanized. Two problems present them- 
selves this case, the corrosion and loss 
the protection the steel armor and 
the failure the cable due perfora- 
tion. The corrosion problem with respect 
the steel and the sheath not unlike 
that bare steel lead sheath with the 
following exception. After the steel be- 
comes corroded, the oxide coated steel 
much more positive the electromotive 
force scale than lead. 
comes cathodic lead several hun- 
dred millivolts, where initially prob- 
ably. was anodic. imperfections the 
layer impregnated fibrous material 
separating the steel and lead, severe gal- 
vanic couple corrosion may produced. 
Figure illustrates the 
tween turns the steel tape lead 
sheath. 


Lead cable sheath resists corrosion 
the atmosphere rather well. at- 
tacked acids such acetic and 
alkaline solutions. example com- 
bined differential aeration and corrosion 
alkaline salts from masonry shown 
Figure 15. not uncommon find 
pass directly through masonry walls. 
Most the attack comes 
highly alkaline fresh cement mortar 
used seal around the cable. 


Cathodic Protection 

Cathodic protection can employed 
with underground underwater lead 
structures control corrosion, but one 
must mindful the differences 
electrochemical behavior between lead 
and steel. Referring Figure 16, can 
seen that the potential bright lead 
soils different varies from about 
—0.56 acid soils about 
alkaline soils the saturated copper 
sulfate scale. According Mears and 
Brown,* cathodic protection achieved 
whenever the metal polarized po- 
tential more negative than its open cir- 
cuit bright metal 
Tafel curves lead specimens soil 
having 9.6 indicate incipient hy- 


CATHODIC AREA 


Figure caused dissimilar soils. 
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drogen evolution the cathode po- 
tentials between and —0.74 
the copper sulfate scale. These values 
are somewhat more positive than the val- 
ues given earlier from the work the 
Pourbaix School. 

lead polarized greater negative 
values potential, the hazard “ca- 
thodic” corrosion becomes more immi- 
nent. There some disagreement the 
literature where this “cathodic” 
corrosion starts. Pourbaix gives thresh- 
old —2.42 volts (copper sulfate) for 
all values unstirred solutions 
and variation with from —1.87 
solutions. Salzberg® gives threshold cur- 
rent density about per square 
inch for “cathodic” corrosion lead. 
From the author’s data this would cause 
polarization —1.52 the most alka- 
line soil studied and neutral soil 
would reach —2.8 volts such current 
density could obtained. Salzberg and 
Pourbaix data are based conversion 
lead unstable hydride which im- 
mediately breaks down give lead 
powder and hydrogen. Others reporting 
“cathodic” corrosion believe that the 
lead reacts with alkali metals form 
plumbites, etc., which subsequently break 
down into oxides. Perhaps there are two 
methods attack lead cathodes. 

Burbank® has recently described the 
formation oxides lead anodes and 
has shown their relationship and 
potential. Her data indicate that anodic 
reactions lead have slope 0.059 
with respect pH, and she states that 
the open circuit potential lead con- 
trolled concentration and in- 
dependent pH. The author’s work 
soils indicates slope 0.02 pH. 
probable that film hydrous oxide 
freshly scraped lead accounts for this 
lessening potential with pH. 


Soil Burial Tests 

ducted soil burial tests several lead 
alloys used for cable sheath and 
chemical lead. The specimens were 
buried 1922, 1937 and 1940. total 
about soils were involved. From 
the results, several generalizations can 
made. The rate corrosion poorly 
aerated soils may five times that 
well aerated soils. greater difference 


Figure 11—Corrosion caused differential area- 
tion cable sheath duct. 
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Figure 12—Weight loss lead clay compared 
with current flow readings. 
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Figure 13—Corrosion lead sheath from carbon 
particle action. 


observed between soils organic acidity 
and those inorganic acidity. Ions such 
sulfates, chlorides, carbonates 
cates, have inhibiting effect the 
corrosion lead. The maximum pit 
depth these short lengths anti- 
monial cable sheath ran from 104 
mils with average for the ten 
year period soils. Approximately 
the same results were obtained 
earlier test soils over periods rang- 
ing from years. 


Conclusion 

conclusion, should pointed out 
that while the corrosion lead cable 
sheath may complicated many fac- 
tors, great deal still known about 
and most cases the causes can de- 
termined. Cathodic protection effec- 
tive cable sheath wherever the under- 
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Figure 14—Corrosion between turns steel tape lead sheath. 
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Figure 15—Combined differential aeration and corrosion alkaline salts from masonry. 


ground structure such that the protect- 
ing current can reach the sheath surface. 
Fortunately, most underground envi- 
ronments, lead becomes “passive” and 
relatively free from corrosion. 
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Recommended Practices 


NATIONAL ASSOCIAT 
CORROSION ENGIN 


For Shop Cleaning And Priming* 


Report NACE Technical Unit Committee T-6D* 
Industrial Maintenance Painting, Prepared 
Task Group T-6D-4** Specifications 

For Shop Cleaning and Priming 


Foreword 


ECHNICAL UNIT Committee 

T-6D the National Association 
Corrosion Engineers was established 
(1) discuss, study, report and publish 
information relative industrial mainte- 
nance painting, and (2) advance the 
cause corrosion engineering inform- 
ing process industry management and 
supervisory personnel the advantage 
gained sound corrosion control 
and prevention practices. Emphasis 
should placed protective coatings 
applications and painting programs. 

Task Group T-6D-4 was organized 
study and report recommendations 
for the cleaning and priming shop fab- 
ricated materials and equipment. 

order provide more suitable 
base for application protective coatings 
the field after installation, these recom- 
mendations are furnished guide 
customers, fabricators and manufacturers 
materials and equipment. 

Shop priming often unsatisfactory 
for subsequent application protective 
coatings because inadequate surface 
preparation and/or improper priming. 
Conformity few, simple recommen- 
dations will provide valuable service 
the customer well better protection 
during storage and transit the material 
equipment. 


Methods Surface Preparation 


Additional details concerning methods 


surface preparation may obtained 
from NACE Pub. No. 53-1. 


Solvent Cleaning 

Remove oil and grease with ap- 
proved solvent. Use clean rags and sol- 
vent avoid spreading oil and grease 
rather than removing from surface. 


Hand Cleaning 

After grease and oil have been removed 
solvent cleaning, use wire brushes, 
scrapers and/or chipping hammers re- 


Helms, chairman, Union Carbide Chemi- 
cals Co., Texas City, Texas. 


Sline, chairman, Sline Industrial Painters 
Inc., Houston, Texas. 


move weld flux and slag, dirt, rust, loose 
scale any other foreign matter. 


Power Tool Cleaning 


After grease and oil have been removed 
with solvents, cleaning shall done 
with pneumatic chipping hammers, ro- 
tary wire brushes and/or grinders. 

Burrs made chipping tools shall 
removed sanding grinding. Rotary 
wire brushes shall not used excessively 
the point that the surface burnished 
polished. 


All loose rust, scale and other foreign 
matter shall removed. The degree 
cleaning done with power tools con- 
siderably better than that done hand 
cleaning, but all rust and tight scale will 
not removed. 


Flame Cleaning 


Use acetylene torch heat the sur- 
face. Before the steel has cooled the sur- 
face shall thoroughly wire brushed and 
all dust removed. Some rust and heavy 
scale will removed this 


Before the steel has reached ambient 
temperature, the prime coat shall 
applied. 


Brush-off Blast Cleaning 


Grease oil shall removed sol- 
vent cleaning before blasting. Sand 
other abrasives shall used remove 
loose rust and scale. Although all rust 
and scale may not removed, the sur- 
face shall roughened sufficiently 
provide for good adhesion paint. 

The blasting operation shall render 
anchor pattern suitable for the specified 
primer and the subsequent paint system. 
This provides better surface preparation 
than power tool cleaning. 


Commercial Blast Cleaning 
Grease oil shall removed sol- 
vent cleaning before blasting. Sand 
other abrasives shall used remove 
all rust, scale and other foreign matter. 
The surface will not necessarily 
uniform color the oxide 
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Abstract 


Recommendations for shop cleaning and 
priming practices are broken down into 
seven categories: methods of surface prep- 
aration, methods of application, workman- 
ship, supervision, inspection, priming, and 
fabrication. Surface preparation methods 
discussed include solvent cleaning, hand 
cleaning, power tool cleaning, flame clean- 
ing, brush-off blast cleaning, commercial 
blast cleaning, white metal blast cleaning, 
Application methods consid- 
ered include brush, spray, hot spray, airless 
spray, roller, and dip. 5.9.1, 5.4.7 


tween the steel and the mil scale need 
not removed. 

The blasting operation shall render 
anchor pattern suitable for the specified 
primer and the subsequent paint system. 
This type surface preparation satis- 
factory for all except the most specialized 
coatings. 


White Metal Blast Cleaning 


Grease oil shall removed sol- 
vent cleaning before blasting. Sand 
other abrasives shall used remove 
all foreign matter from the steel. 

The finished surface shall uniform 
color with only the base metal present. 

The blasting operation shall render 
anchor pattern suitable for the specified 
primer and the subsequent paint system. 


Pickling 

Grease oil shall removed sol- 
vent cleaning. All rust, scale and foreign 
matter shall removed chemical re- 
All surfaces shall neutralized before 
priming. 


Methods Application 


Brush 

uniform coat shall applied leav- 
ing surface that free runs, sags, 
holidays skips. 


Spray 
Compressed air used for spraying shall 
free oil and moisture. Air pressures 
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the spray gun and material shall 
regulated that correct atomization 
the paint obtained. 

The spray gun shall held not more 
than inches from the surface being 
painted and must held perpendicular 
the surface all times and should 
triggered the end each stroke. 


Hot Spray 


The hot spray equipment used shall 
thermostatically controlled 
maintaining constant material tem- 
perature the spray gun. Either the 
circulating type the heated hose type 
satisfactory. 

Hot spray application must 
proved the material manufacturer. 


Airless Spray 

The equipment used for airless spray 
shall capable proper atomization 
tern. Either hot cold airless spray may 


used depending the material man- 
ufacturer’s recommendation. 


Roller 


Paint edges, welds, rivets, joints, 
cracks, brush before roller prim- 
ing. Light pressure should used the 
roller avoid build-up roller ends 
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and the surface rolled different direc- 
tions assure even coating paint. 


Dip 
dipping shall done without spe- 


cial recommendations from the paint 
manufacturer. 


Workmanship 
All work shall performed skilled 
craftsmen and work done shall equal 
the best standards practice that 
trade. All cleaning and painting shall 
done strict accordance with the de- 
painting specifications provided. 


Supervision 
The shop shall furnish responsible su- 
pervision. 


Inspection 
The customer inspector shall given 
free access the job during regular 
working hours. 


Priming 

Paint shall delivered jobsite 
original unopened containers and 
stored inside and protected from freezing 

Mixing and thining shall done 
strict accordance with the manufacturer’s 
instructions. 

Cleaning and priming shall not 
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done damp foggy weather under 
any conditions that cause condensation 
the steel. Priming shall done the 
same day the steel cleaned and all 
cases must done before the cleaned 
surface shows oxidation any contami- 
nation. 


Care must taken certain that 
welds, rivets, joints, cracks, edges, etc. 
are covered with primer with thin 
spots holidays. The primer shall 
free runs, sags, holidays skips, and 
shall allowed dry thoroughly before 
handling. 

The prime coat shall applied uni- 
formly with minimum thickness 
specified customer and/or manufac- 
turer. 


Recommendations for Fabrication 

Ends tubular members should 
completely closed prevent corrosion. 
Inaccessible places such those between 
back back angles should avoided 
when possible, should pockets that 
hold dirt water. 

Channels should placed with flanges 
down provided with drainage holes. 

Stiffeners should have flat edges next 
surface avoid inaccessible areas. 
Rough welds and flame-cut edges should 
ground smooth. Avoid skip welds and 
all other open crevices. 


Any discussion this article not published above 


will appear December, 1961 issue. 
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Industrial Painter Education 


Report NACE Technical Unit Committee T-6D* Industrial 
Maintenance Painting; Prepared Task Group T-6D-6** 
Painter Education 


Introduction 


HERE mounting concern 

both Management and Labor that 
the immense advances technology 
during recent years may swiftly and 
dangerously outmoding present education 
and training practices the field 
industrial painting. NACE Task Group 
T-6D-6 was commissioned explore this 
problem for points departure from 
which basic educational standards for 
painters can developed, and pre- 
pare program form proposal for 
specialized training. 

There reason believe that raising 
the level painter education through 
improved training techniques will greatly 
benefit both Management and Labor. 
However, the process involves inter- 
twining many threads and the balanc- 
ing many forces. will costly, and 
cannot accomplished overnight. 
This report advocates the adoption 
continuing organized program edu- 
cation participated and supported 
applicators industrial painting and 
suppliers, well customers the 
industry. Though recommendations for 
implementing this program are included, 
they are not meant definitive. 
those concerned desire employ this 
report basis action, all recom- 
mendations and details should analyzed 
and corrected where necessary those 
charged with specific responsibilities 
under the program. 

the preparation this report the 
interests and views many persons and 
groups have been solicited. Each mem- 
ber the Task Group studied 
specific subjects parts the larger 
problem, and their findings form the 
basis for conclusions and recommenda- 
tions offered. Especially valuable have 
been comments and advice educa- 
tional requirements and curricula fac- 
ulty members several 
versities and consultants the field 
industrial psychology. Editorial assistance 
specialists the field report prep- 
aration has been helpful. 


*F. Parker Helms, chairman, Union Carbide 
Chemicals Co., Texas City, Texas, 


Co., St. Louis, Missouri. 


Abstract 


detailed account given the steps 
that may taken both Management 
and Labor improve industrial painter 
education. Topics discussed include the gap 
between technology and training, benefits to 
be gained by all parties concerned in im- 
proving painter education, coordination of 
training standards, determination man- 
power requirements, tightening paint- 
ing specifications, action industrial 
management chemical process and petro- 
leum refinery industries, action trade 
unions, apprenticeship programs, and 
courses of instruction available. 1.7.1 


Summary 
Approach the Problem 


This report considers the subject 
painter education terms of: 

1.The gap between technology and 
training 

Existing facilities for painter educa- 
tion 

Benefits improvement the level 
training 

Recommended educational standards 
and program for specialized training. 


recognized that opinions may vary 
when the problem seen from the van- 
tage point industrial managers, ma- 
terial and equipment manufacturers, con- 
tractors, engineers, trade union officials, 
and the painters themselves. However, 
attempt made accommodate the 
viewpoint any special interest; the 
problem treated objectively pos- 
sible, and recommendations are made for 
the benefit all segments the painting 
industry. 


Premises and Limitations 

indicated the title, this study 
confined industrial painting, and ex- 
cludes commercial and domestic painting. 
More particularly, its emphasis upon 
painting for chemical process industry 
plants and petroleum refineries. Many 
the findings presuppose that protective 
coating steel painting the pre- 
dominant problem. 

Although the title this study might 
lead the assumption that the only con- 
cern with improving skill and knowl- 
edge among painters, the premise has 
been adopted that followers cannot ad- 
vance beyond their leaders. This study 
therefore vitally concerned with ad- 
vancing the technical competence 
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paint engineers, supervisors, foremen, 
contractors, and trade union officials—all 
whom are concerned with not only the 
skill but the safety and welfare the 
painters they employ and manage. 

the very start this study the 
premise was adopted that questionnaire 
campaign industrial plebiscite 
determine the existing level painter 
education would little value. 
Rather, was assumed that there exists 
widening gulf between what industry 
wants the painter and what the 
average painter has been trained ac- 
complish. determine these points 
departure, sampling opinion was 
conducted among selected contractors, 
manufacturers, engineers, industrial train- 
ing directors, professional educators and 
trade union officials. From information 
obtained this manner possible 
estimate with some confidence the mag- 
nitude the job done painter 
education. 

was further assumed that recommen- 
dations this report should aimed to- 
ward upgrading the facilities for painter 
education now existing rather than pro- 
posing scrap existing systems and be- 
ginning anew. 


Conclusions 

upgraded program education 
for painters will relatively useless un- 
less other related factors are implemented 
simultaneously. Some the more im- 
portant these factors are: Coordination 
training standards among employers, 
trade unions, and consumers; lifting 
many restrictions trade unions the 
use specialized equipment; tighten- 
ing specifications minimize the use 
inferior coatings and outmoded prac- 
tices; and evaluation the consumer in- 
dustries their approach industrial 
painting the light engineered pro- 
grams now available. 

Contingent the above basic conclu- 
sion, the following benefits can antici- 
pated. 


Benefits the Chemical Process and 
Refinery Industries. Extrapolation fig- 
ures NACE Technical Committee Re- 
port, “Economics Maintenance Paint- 


ing,” (Task Group T-6D-1, March 1960) 
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shows the annual cost maintenance 
painting the chemical process industry 
alone the range $575 million. 
Productivity painters can increased 
percent through greater familiarity 
with improved products 
and improved skill operating special- 
ized equipment. Therefore, direct sav- 
ings man-hours could benefit these 
industries the rate more than $50 
million annually. 


Benefits Material and Equipment 
Manufacturers. Initial quality application 
results longer coating life, 
retouching over the useful life paint 
job. Improved material performance en- 
hances the reputation the product, 
making and other products the 
manufacturer more saleable. Well-trained 
painters also require improved equip- 
ment for surface preparation 
application, thus enlarging the market 
potential for equipment manufacturers. 


Benefits Painting Contractors. Labor 
the raw material the contractor, and 
his ability maneuver this raw material 
the benefit his customers makes his 
services times indispensable. follows 
then that the better trained the labor, the 
better the contractor’s product. Improved 
quality resulting from more skillful use 
application techniques improves con- 
tractor’s reputation, and thus makes 
easier for him obtain contracts. Well- 
trained painters are more technical 
minded, and tend reduce equipment 
replacement cost. 


Benefits the Painter. Aside from 
the potential greater earning power 
made possible through improved produc- 
tion and higher quality work, greater 
knowledge and might 
result safer working conditions, im- 
proved job security, and general accept- 
skilled job. 

quality work are expected 
trained painters, they will also beholden 
harder-working capital, improved 
materials and equipment, 
plants with improved safe 
working conditions. Large investments 
time and money are going have 
made continuing, organized program 
dustries, contractors, manufacturers, trade 
unions, and the painters themselves. 


Recommendations 


urged that the following recom- 
mendations adopted and implemented 
rapidly possible the various 
groups which they are directed. 


Coordination Training Standards 

recommended that the NACE 
serve coordinating capacity among 
representatives The Painting and Dec- 
orating Contractors America; The 
Brotherhood Painters, Decorators, and 
Paperhangers Amercia; The Federa- 
tion Paint and Varnish Production 
manufacturers conventional 
and specialized painting equipment; The 
National Safety Council; and the chem- 
ical process and petroleum refining in- 
dustries. Purpose this develop 
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educational and training standards for 
industrial painters. (Tentative educa- 
tional and training standards are proposed 
the body this report.) When these 
standards are developed, they might 
offered through the offices NACE 
the entire national industrial complex 
guides the development detailed 
curricula and programs for the training 
industrial painter apprentices 
established number per year, and for the 
upgrading proficiency among painters 
who have already attained journeyman 
status. suggested that these standards 
developed within one year after work 
them has begun. 


Determination 
Manpower Requirements 

recommended that The Painting 
and Decorating Contractors America 
engage joint venture with The Broth- 
erhood Decorators, and 
Paperhangers America determine 
accurately possible the anticipated 
manpower requirements the construc- 
tion industry for the next years, 
well the anticipated 
quirements for the maintenance chem- 
ical process and 
plants for the next twenty years. also 
recommended that they determine 
accurately possible the number ap- 
prentices that will necessary each 
year meet the anticipated demands 
for skilled industrial painters. rec- 
ommended that this information re- 
ported within six months after investi- 
gation has begun the Chairman 
NACE T-6D Committee for use coor- 
dinating effort outlined the preced- 
ing paragraph. 


Upgrading Technical Competence 
Industrial Painting 

recommended that paint engi- 
neers, painting project managers, painting 
inspectors, painter supervisors, contrac- 
tors, and trade union officials interested 
technology industrial painting 
avail themselves the excellent educa- 
tional opportunities offered through 
courses educational institutions listed 
the body this report. also 
recommended that paint engineers, paint- 
ing inspectors, and painter supervisors 
participate actively each year schools 
similar that sponsored annually 
the Houston Coatings Society and de- 
scribed the body this report. 


Tightening Painting Specifications 
recommended that specifications 
for painting projects more carefully 
prepared and made more stringent 
order minimize the use inferior 
coatings, sub-standard equipment, and 
outmoded practices. This considered 
necessary supplementary action the 
upgrading painter education. 
recommended that the services com- 
petent paint consultants employed 
assist those personnel engaged the 
preparation painting specifications 
who are not aware the technology 
available the latent disadvantages 
their employers and the painting 
industry involved loose specifications. 


Action Industrial Management 


recommended that top manage- 
ment the chemical process and petro- 
leum refinery industries made aware 
the importance their economy 
well-organized and continuing engineered 
painting programs now available. 
further recommended that management 
originate action implement such pro- 
mentary action the upgrading 
painter education. also recom- 
mended that industrial management par- 
ticipate actively the development 
educational and training standards for 
painters, and that 
training specialists use the standards 
the development curricula and pro- 
cedures for the educational upgrading 
its own employees. 


Action the Trade Unions 

recommended that the trade 
unions lift restrictions training and 
operation which now suppress the acqui- 
sition skills the use specialized 
equipment. further recommended 
that the trade unions participate actively 
partners the recommended activi- 
ties outlined above means bring- 
ing their membership greater reward 
improved safe working 
conditions, and greater personal stake 
the well-being the American indus- 
trial society. 


The Gap Between Technology and 
Training 


Summary Advanced Technology 


American industry spends several bil- 
against corrosion. Reliable estimates 
place the cost protecting metal from 
deterioration due corrosion and 
weather attack the chemical industry 
alone more than $500 million. Prac- 
tically every process plant utilizes paints 
and coatings one method achieving 
this protection. 

The materials decade ago are 
longer suitable many services. 
Today’s industrial plants with their new 
chemical reactions produce more highly- 
corrosive atmospheres and demand much 
greater protection. Industrial coatings 
today must meet almost 
quirements. They must have excellent 
qualities adhesion, toughness, flexibil- 
ity, weather and 
chemical resistance, and endurance. They 
must retain their basic structure and 
good appearance spite the com- 
plex geometry surfaces they protect, 
thermal shock, abrasions and other physi- 
cal damage, and abuse caused normal 
plant operations. They must resist the 
transfer ions and moisture vapor 
well the effects osmosis and electro- 
endosmosis. They must lend themselves 
readily touch-up and repair, and the 
repair must equally effective the 
original coating. They must have these 
qualities and perform these functions 
long enough justify economically their 
price and application costs. 

The paint manufacturers are meeting 
this challenge and are producing en- 
tirely new range protective coatings 
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that meet surpass all the require- 
ments stated. The array products 
impressive: alkyds, chlorinated rubbers, 
epoxy resins, neoprenes, phenolics, poly- 
ethylene, styrene copolymers, high solid 
polyesters the isolite styrene monomer 
type, urethanes and vinyls, among others. 
Engineering specialists are now busy with 
evaluation programs determine where 
and how best use these and other 
products. 

Application techniques and equipment 
have kept pace with advances paint 
formulation. The hand brush is, 
course, the traditional tool the painter; 
where discarded favor more 
efficient more productive equipment, 
things begin get complicated. With 
spray application today’s coatings (and 
many are designed for spray only) there 
choice several different equipment 
systems. Conventional spray using 
pressure tank paint pump supplying 
air-atomizing type gun widely used. 
Many benefits are available when the 
proper coating and proper techniques are 
used with hot spray airless spray 
equipment. The use conventional and 
pressurized rollers involves 
equipment different sort. Advanced 
techniques and equipment have been de- 
veloped prepare surfaces with hand 
tools, power tools, chemical cleaning, 
flame cleaning, water blasting, and three 
grades sand grit blasting. 


Safety equipment, scaffolding, and safe 
working practices have been studied and 
improved. 

detailed account the immense 
advances painting technology during 
only the past five years would fill several 
volumes. These advances have made 
necessary develop specialized dis- 
cipline which involves working knowl- 
edge desired anchor pattern, paint 
system evaluation and selection, correct 
film thickness, advanced inspection and 
follow-up procedures, statistical cost con- 
trol, and other technical principles which 
help realizing optimum protection 
surfaces from corrosion minimum 
cost per square foot per year service. 

Such the excellent status painting 
technology today. There growing 
suspicion many circles, however, that 
much the technology available sur- 
plus because inadequate under- 
standing how use effectively. 


Summary Inadequate 
Technical Development 

apparent that the preoccupa- 
tion with new formulations and improved 
equipment designs, the essentials com- 
munication have been neglected all along 
the line. result, not only are many 
our painters lacking necessary skills 
and perceptions, but large number 
engineers, inspectors, and supervisors 
well are often uninformed even the 
rudimentary principles how properly 
apply painting know-how recurrent 
problems. 

The low level training best exem- 
course, the painter himself, 
armed with hand brush, bottle thin- 
ner, and bucket red-lead and oil, 
attempting fight best can the 
creeping corrosion modern industrial 
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plant. The other side the coin shows, 
however, the level training among the 
foremen, engineers, and managers who 
fail recognize the magnitude the 
battle and therefore wage losing fight 
continuing use inadequate materi- 
als, obsolete equipment, and untrained 
personnel spite the wealth tech- 
nology available. 

These conditions are apparent from 
statistics quoted the literature. sam- 
pling 130 chemical 
(NACE Technical Committee Report 
prepared Task Group T-6D-1, March 
1960) shows that percent the 
cases studied maintenance painting costs 
are increasing and another percent 
costs are cycling. Forty-five percent 
maintenance painting programs are ad- 
ministered non-technical foremen, su- 
pervisors, and mechanics. percent 
the cases painting scheduled only when 
department “looks like hell.” The 
wrong coating for environment, poor 
surface preparation, and poor application 
still create the largest volume mainte- 
nance work. And years consid- 
ered “economical repaint interval.” 
These observations lead the conclu- 
sion that painter education should begin 
with industrial management, and extend 
downward through several tiers tech- 
nical and supervisory authority the 
men who actually prepare the surfaces 
and apply the paint. 

The level education and training 
the painter himself several areas the 
country indeed well described 
who states: “In most areas where Union 
labor mandatory, formal training, 
test, experience required for classi- 
fication skilled painter. The only 
prerequisite the necessary entrance fee 
and monthly dues.” 

This, then, the problem: the in- 
formed half has failed communicate 
with the uninformed half, with the result 
that corrosion continues get ahead 
despite frantic efforts check it. The 
parable the hen that starved death 
while perched sack grain some- 
how believable. 


Existing Facilities for Painter Education 
There exists now least skeleton 
framework for the education and train- 
ing painter craftsmen. This framework 
might extended provide specialized 
training for engineers, inspectors, pro- 
gram administrators, and foremen the 
more demanding subjects paint tech- 
nology. this section the report each 
the existing formal and informal facil- 
ities for painter education are described, 
limitations are pointed out, and sugges- 
tions are made for their improvement. 


Willingness Learn 

Educators agree that upgrading 
skills and proficiencies must begin with 
not possible conduct survey among 
painters determine whether not 
they consider their skill and/or educa- 
tion today’s required aptitudes 
lacking, one can listen what one 
their more articulate spokesmen has 
say. 

Lawrence Raftery, General Presi- 
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dent, The Brotherhood Painters, Dec- 
orators, and Paperhangers America, 
recognizes the need for and advocates 
painter education and specialized train- 
ing. his address New York 
February 1959, the 75th Annual Con- 
vention The Painting and Decorating 
Contractors America, Mr. Raftery 
made highly significant statement: 
“One thing this field that has been 
pinpointed the recent past has been 
our need train our journeymen 
specialty courses that they can en- 
hance their economic potential and offer 
more security their families over the 
long run. Such specialty short courses 
are going have utilized more and 
more the future are have 
sufficient number skilled journeymen 
man all the diversified work com- 
ing under the jurisdiction those 
this industry.” 

perhaps more significance than his 
words are Mr. Raftery’s actions. Follow- 
ing conference with the Task Group 
Chairman May 1960, Mr. Raftery 
discussed with the General Executive 
Board The Brotherhood the problems 
outlined this report our study. 
result, the National Joint Trade Board 
and the Apprenticeship and Training 
Committee The Brotherhood are giv- 
ing serious consideration the conclu- 
sions reached and recommendations of- 
fered this report, and have promised 
full cooperation efforts upgrade 
painter education. 

The Painting and Decorating Contrac- 
tors America are also cognizant the 
problems painter education, and are 
willing cooperate. Pierce, Coor- 
dinator, Coordinating Council Appren- 
ticeship Committees for the Painting 
Industry Los Angeles County, Inc., 
has requested suggestions the type 
instruction required upgrade painter 
education. 

may safely concluded, therefore, 
that there expressed willingness 
learn, and expressed willingness 
cooperate the training process two 
great representative segments the 
painting industry. After this conclusion 
may interesting inventory pres- 
ent training facilites and check present 
standings. 


The Apprenticeship Program 

Perhaps the method craftsman 
training that most familiar 
program apprenticeship. The National 
Apprenticeship Law, popularly known 
The Fitzgerold Act, was enacted 1937 
promote the furtherance labor 
standards apprenticeship. 1952, 
7000 Union-Management apprenticeship 
committees had been set up. Apprentice- 
ship agreements reached these com- 
mittees are usually merely statements 
which set forth the work processes 
which the apprentice trained, his 
hours work and study, and his wages 
during each period his training. For 
look how these agreements are 
implemented might well examine 
the details the apprenticeship program 
currently effect the Bound Brook, 
New Jersey plant American Cyanamid 
Company. 
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Administration. The Apprenticeship 
Standard Agreement was written 
joint Union-Company apprenticeship 
committee. The agreement was approved 
the New Jersey State Board Edu- 
cation and the United States Depart- 
ment Labor. The program outlined 
the agreement administered the 
joint Union-Company committee. 


Qualifications for Apprentices. Appli- 
cants for apprentice training must have 
high school education its equivalent. 
Members the maintenance and con- 
struction groups are given first oppor- 
tunity; there are still vacancies, 
production operators can qualify. The 
company decides its need for apprentices, 
provision which included the Com- 
pany-Union agreement. stipulated 
that the ratio between apprentices and 
journeyman mechanics will not exceed 
1:3. Apprentices are selected competi- 
tive examination and seniority, with 
examination consisting tests mathe- 
matics and mechanical ability. Success- 
ful applicants are grouped according 
their examination grades. Those with the 
highest grades are given their choice 
craft training. 


Apprenticeship Course Content. Painter 
apprenticeship courses last three years. 
minimum 144 hours classroom 
study required each year. Classes are 
conducted local high schools voca- 
tional schools after normal working 
hours. The Bound Brook plant, under 
the company-sponsored 
sistance program, reimburses the appren- 
tice for half the tuition. Classroom sub- 
jects during the first year the course 
are basic mathematics, blueprint reading, 
and science. Second year study 
blueprint reading, painting practices, and 
painting technology. During the third 
year the apprentice studies painting fail- 
ures, advanced painting technology, ap- 
plication, tinting colors, estimating, scaf- 
folding, interior finishes, 
painting. 

The apprentice receives minimum 
6000 hours on-the-job training during 
the three-year course. First-year appren- 
tices work the field under the guid- 
ance journeyman painter. Second- 
year apprentices work the field and 
the shop under the direction 
journeyman painter painter super- 
visor. Third-year apprentices work under 
the direction supervisor. 
Subjects studied during on-the-job train- 
ing are: 

Company rules and regulations, in- 


cluding safety practices and safety 
equipment 


Shop work 
Preparation of surfaces, paint ma- 


terials, use of ladders, scaffolding, 
equipment 


Preparation, installation, removal 
of, and painting steel and wood 


100 hours 
400 hours 


3000 hours 


sash, glazing 500 hours 
Spray painting 950 hours 
Decorative painting 750 hours 
Miscellaneous (road striping, fence 

painting, waterproofing, installa- 

tion safety treads, etc.) 300 hours 


Limitations the Program. Although 
the apprenticeship course thorough and 
the graduates are better painters, the 
benefits such training can given 
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only limited number employees. The 
great majority journeyman painters 
have similarly trained, and 
there are facilities available for train- 
ing them. The apprenticeship curriculum 
could upgraded include instruction 
the use the newer chemical-resistant 
coatings and specialized equipment. 


Suggestions for Improvement. The ap- 
prenticeship program might made 
more effective if: (1) attendance 
selected specialty short courses were in- 
cluded the curriculum, (2) instructors 
the classroom portion the training 
were include discussion and study 
the fundamentals corrosion, safety, 
generic paint formulations, and the the- 
ories paint engineering rather than 
such subjects tinting colors, interior 
finishes, sign painting, general science, 
and the care brushes, and, (3) admin- 
istration the program were supervised 
qualified paint engineer. 


Specialty Short- and Long-Term 
Courses. Twenty-five courses 
technology are currently being offered 
accredited high schools, colleges and 
universities, ranging from full-credit 
courses series lectures selected 
subjects. Much the credit for pioneer- 
ing this type advanced study our 
schools belongs Dr. Wouter Bosch, 
Professor Paint Chemistry The 
University Missouri’s School Mines 
and Metallurgy, and member this 
Task Group. Dr. Bosch has furnished 
the information which appears Table 
which shows typical courses offered. 


Limitations. Although there variety 
courses offered, the approach the 
Missouri School Mines seems 
the only one which recognizes the need 
for training subjects for the beginner, 
the teacher, the administrator and engi- 
neer, and the student advanced tech- 
nology. Another limitation the level 
subject matter: most seems 
have the objective creating new tech- 
nologists, not educating painters. 


Suggestions for The 
specialty short courses might serve 
better purpose the subjects presented 
were coordinated with upgraded ap- 
prentice training program through joint 
council union, management, and edu- 
cation representatives. series courses 
could sponsored the industry 
key locations the country, periods 
which would not conflict with the nor- 
mal “busy season” for painters. Attend- 
ance such courses might made 
mandatory for apprentices, foremen, and 
supervisors, elective for other key jour- 
neyman painters. 


Manufacturers’ Instruction Courses 

Several leading spray equipment man- 
ufacturers offer courses instruction 
how use and maintain their equip- 
ment. The Vilbiss Company has 
resident school their factory head- 
quarters Toledo, Ohio. The course 
instruction extends for period 
five days total hours. Binks 
Manufacturing Company has similar 
resident school their factory head- 
quarters Chicago, 
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These courses are tuition free and are 
open anyone interested learning 
about spray painting and spray painting 
equipment. The schools operate contin- 
uously, and convenient class may 
selected from published schedule. 


Paint manufacturers are just now be- 
coming aware the need instruct 
painters the use their products. 
“The Special Lecture Series” DePaul 
University, sponsored the Education 
Committee the Chicago Paint and 
Varnish Production Club (February 24- 
April 20, 1960) the first effort this 
sort the Task Group members have been 
able find. The lecture series “The 
Physical Chemistry Interfaces Related 
Coatings,” sponsored the Philadel- 
phia Paint and Varnish Production Club 
(October 1959-April 1960) might 
seem precede the Chicago lectures, but 
the objective (as indicated the sub- 
ject) seems the preservation high 
technology rather than the dissemination 
knowledge. 


Limitations. Equipment manufacturers’ 
courses are understandably confined 
instruction the manufactured specialty. 
Materials manufacturers’ current efforts 
education are too erudite. 


Suggestions for Improvement. Spray 
equipment manufacturers are doing all 
that can expected them. Manufac- 
rollers, water blasting 
equipment, chemical and 
ing apparatus, power cleaning tools, 
scaffolding, and safety equipment might 
themselves and the industry favor 
establishing similar training schools. 
Paint manufacturers need awaken 
the fact that too many painters, fore- 
men, contractors, supervisors, and pur- 
chasing agents are well content con- 
tinue using the materials that filled their 
grandfathers’ needs. They should estab- 
lish training schools show how the 
newer products may used advan- 
tage. 


Houston Coatings School 

The Houston Coatings School, spon- 
sored Coatings Society Houston 
Area, excellent example what 
men can when they realize their defi- 
ciencies and decide something 
about them. pity that this the 
only school its kind the United 
States. conducted once year under 
the sponsorship the Houston Coatings 
Society, and features lectures, demonstra- 
tions, work-shop sessions, and question- 
and-answer periods during one day 
intensified effort. Engineering specialists, 
paint consultants, materials and equip- 
ment specialists, and program adminis- 
trators share the duties instruction 
with practical foremen and skilled jour- 
neymen. Students participate demon- 
strations up-to-date techniques and 
equipment, and learn practice how the 
improved materials should applied. 
Theory and practice come together 
understandable terms. 


Limitations. The only limitation that 
there woeful lack schools this 
sort. 


Suggestions for Imprevement. NACE 
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local chapters, paint and varnish pro- 
duction clubs, and coatings societies 
should sponsor series such courses 
regional basis. Apprenticeship pro- 
gram administrators should then study 
the feasibility making attendance 
these courses part the training curricu- 
lum. 


Other Training Facilities 

Industrial management should investi- 
gate the relatively inexpensive consulting 
services now available. 
usually include course instruction 
for engineers, foremen, inspectors, and 
journeymen painters addition other 
valuable benefits. 


Benefits Improvement the Level 

Painter Education 

logical assume that when 
industry endorses and implements dy- 
namic program education and special- 
ized training for its employees, the indus- 
try has been made aware deficiencies 
its practices and receptive cor- 
rective measures. Since this report deals 
only with the problem painter educa- 
tion, might interesting speculate 
what might happen one segment 
industry were become suddenly 
aware its outmoded painting practices 
and take measures realize the benefits 
engineered approach its painting 
problems. 

First, consider some the factors in- 
volved. The annual cost maintenance 
painting the chemical industry alone 
the range $575 million. Long 
experience with painting problems this 
industry leads the belief that the 
following breakdown this annual cost 
might reasonable: 


Seven billion square feet surfaces 
are protected average cost 8.2 
cents per square foot per year. 

More than 50,000 painters work up- 
wards million man-hours each year, 
with resulting payroll approximately 
$200 million. 

The cost supervision and admin- 
istration nearly $50 million. 

annual investment $150 mil- 
lion paint involved. 

More than $300 million painting 
contracts are awarded each year. 

The next step examine each 
the five factors listed, and determine how 
improvement the level painter edu- 
cation might produce benefits 
otherwise affect each them. 

Seven billion square feet sur- 
faces are protected with paint 50,000 
painters. Each painter treats about 630 
square feet surface each day (averag- 
ing production rates for surface prepara- 
tion, scaffolding, rigging, application 
coats, and spot-repair for all types 
surface shapes and materials) slightly 
more than square feet per hour. The 
cost painting, per man per year, 
approximately $11,500. 

Suppose that specialized training and 
increased skill would result per- 
cent increase productivity. Each 
painter would treat about 700 square feet 
surface each day, slightly less than 
square feet per hour. The same 
amount work could done with 
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45,000 painters direct saving 
industry $57,500,000 per year. 

How would increase produc- 
tivity affect employment painters 
45,000 can the work formerly done 
50,000? would really create 
demand for their services. The Stanford 
Research Institute reported April 1958 
that the growth rate for the chemical 
industry had exceeded percent per 
year for five years beginning 1953. 
(Present indications are that 
centage now greater than percent.) 

Therefore, the demand for skilled 
painters the chemical industry alone 
would not decrease, but might increase 
the rate 4000-5000 per year 
more plant and equipment are installed. 

painters become more efficient 
and more proficient, the cost super- 
vision and administration might drop 
much percent each year—a 
direct saving industry the cost 
painting million. 

Investment paint per plant each 
year might decrease much 
percent more durable coatings are 
more efficiently applied. This decrease, 
amounting direct saving industry 
approximately $11,500,000 per year, 
would not felt the paint manufac- 
turers more plant and equipment 
installed keeping with the industry 
growth rate. 

Painting contract awards would not 
diminish, but would increase proportion- 
ately with the industry growth rate. 

Contracts would easier sell, how- 
ever, known that skilled painters 
will prepare the surfaces and apply the 
paint. 

summary, the chemical industry 
can have better protected surfaces 
percent reduction cost—amounting 
more than $60 million 
painter education and training would 
result percent increase pro- 
ductivity. Better grade, longer lasting 
coatings could applied with improved 
equipment the painters were proficient 
handling them. Contractors would 
benefit. And, perhaps more important 
than all, painters would have new 
confidence born greater respect for 


their work and higher regard for their 
skill. 


Recommended Educational Standards 
and Program for Specialized Training 

this time possible merely 
propose tentative educational standards 
for apprentices and trainees, and sug- 
gest media for advanced training 
journeyman painters, foremen, super- 
visors, and engineers. Representative 
groups, such the Apprenticeship and 
Training Committee The Brotherhood 
Painters, Decorators, and Paperhang- 
ers America; the Coordinating Coun- 
cil Apprenticeship Committees for the 
Painting and Decorating Contractors 
America; training directors process in- 
dustries; and the Apprenticeship Board 
the United States Department Labor 
will have devise and put motion the 
machinery thought necessary establish 
standards and curricula that will ac- 
ceptable and usable 
industry. 


Educational Standards for Painter 
Apprentices and Trainees 


recommended that the following 
proposals considered the above- 
named groups guides for the prepara- 
tion permanent minimum educational 
standards for painter apprentices and 
trainees. 


Employment Trained Painter Per- 
sonnel. recommended that consider- 
ation given the union, contractors, 
and the process industries establish- 
ing the entering wage apprentices and 
and trainees level sufficiently high 
attract young persons the painter trade 
first choice among other trades and 
professions. 

further recommended that the 
union, contractors, and the process indus- 
tries agree that, after date acceptable 
all factions, person shall em- 
ployed journeyman painter unless 
scribed course training and meets cer- 
tain stipulated standards proficiency 
his trade. 

also considered desirable that 
attention given the idea central 
registration all journeyman painters 
who meet these standards proficiency. 
possible that this method work- 
able scheme may devised whereby 
pools trained labor are available 
contractors for the manning strategic 
projects any section the country. 


Selection Apprentices and Trainees. 
recommended that psychological 
testing employed the primary 
method selecting painter apprentices 
and trainees. Psychological testing can 
one the most effective tools em- 
ployed this all-important step. How- 
ever, should not considered the 
only tool. Questions age, physical fit- 
ness, experience, and education need 
their share attention. 


any case, rules for the determina- 
tion what important apply results 


psychological tests just any other 
kind data used. 


The most important part selection 
careful determination the mini- 
mum requirements job and second, 
the evaluation prospective appren- 
tice trainee terms these minimum 
requirements. The determination the 
potential excel should not 
tempted, unless there toss-up between 
applicants with equal ratings mini- 
mum requirements. Negative selection 
rejection applicants without min- 
imum ratings), more fruitful than 
trying rank individuals the order 
their potential for success. 


quirements might include physical abili- 
ties, manual skills, mental abilities, psy- 
chological attributes, and examples 
past performance. Minimum require- 
ments should not pre-judged taken 
obvious. may turn out, for exam- 
ple, that ability read simple instruc- 
tions with understanding may more 
important than being high school grad- 
uate. not simple, and certainly not 
obvious, determine what skills and 
abilities are really needed particu- 
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lar job. Sometimes the skills that seem 
obviously necessaary are indeed trivial 
and other job demands for skills are 
overlooked. 


There can many direct indirect 
methods assessing the ratings indi- 
viduals these minimum requirements. 
Questionnaires interviews can used, 
and industrial psychologists have avail- 
able both standardized performance tests 
and standardized paper-and-pencil tests. 
might even possible develop 
situational test type performance 
The advantage using “stand- 
ardized” test that the rating 
individual can compared the rat- 
ings previously tested groups 
individuals. 

However, recommended that psy- 
chological tests used the selection 
painter apprentices and trainees pri- 
marily because these tests can used 
measure such intangibles the ability 
learn. 


Standards Met Apprentice 
Training. Before curriculum for train- 
ing can outlined, important 
consider what may anticipated from 
the course training the way 
developed skills and understandings. 
this means may possible exclude 
from the training subject 
matter that does not directly contribute 
the process development. 


The journeyman industrial painter 
who emerges from the training period 
should, first all, able under- 
stand and follow directions. should 
thoroughly familiar with the methods 
and materials used all types surface 
preparation, and should qualified 
operate the necessary primary and aux- 
iliary equipment. should understand 
the need for certain types pretreat- 
ment, and should familiar with the 
performance each type pretreat- 
ment material. should familiar 
with the differences the generic types 
paint produced, should have work- 
ing knowledge where each type can 
used best advantage, should know 
the mixing and thinning requirements 
well the flow and coverage rates for 
each, and should know well the nec- 
essary precautions taken when 
handling certain the 
toxic types. should well-skilled 
the use the hand brush, conven- 
types spray equipment, including the 
care and handling lines and compres- 
sors. must know thoroughly the in- 
tricacies rigging and scaffolding, and 
should well-versed all aspects 
personnel safety and safe working condi- 
tions. should understand 
ments surface measurement and cost 
estimating, and should well qualified 
inspect painted surfaces for signs 
poor workmanship deterioration. Fin- 
ally, should know how 
simple reports. 

Many these subjects can covered 
classroom discussion. Most them, 
however, can best learned doing. 


Recommended Curricula for the Ap- 
prenticeship Course. One may begin the 
outline course instruction aimed 
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TABLE 1—Paint Technology Courses Available 


Title Course 


Principles of Paint Technology 

Advanced Paint Technology. . 

1959 Drying Oil Short Course 

Surface Coating Technology 

The Technology of Paint, Varnish and Lacquer.. 
Paint Technology 


Oil Resin, and Varnish Technology 
Paint and Pigment Technology 

Basic Coatings Laboratory 
Chemistry and Physics of Pigments 
Water Dispersed Paint Systems 
Fourth Annual Short Course in Paint 


Fundamentals Paint, Varnish and Lacquer 
Technology 

New Developments in Organic Finishes 

Advanced Paint Technology 

Paint Technology 

Technology of Resins and Plastics 

New Coatings and New Coatings Raw Materials 


Paint Short Course for Beginners 
Paint Short Course for High School 
Chemistry Teachers 
Coating Course for Architects, Painting Con- 
tractors, and Maintenance Engineers ; 
Advanced Paint and Polymer Refresher Seminar.... 
Paint Course 
Paint Technology 


toward developing the skills and under- 
standings enumerated above exercis- 
ing the principles exclusion. The first 
subject excluded from the train- 
ing course would the time-hallowed 
subject blueprint reading. The second 
mathematics. The third excluded 
would instruction paint chemistry— 
other than the necessary instruction 
what can and what cannot mixed. 
These subjects would excluded from 
the course training for the reason that 
painter can highly-skilled and well- 
qualified his trade without them. The 
course instruction for apprentices 
might streamlined appear some- 
thing like this: 


First year, 140 hours 


Lectures and demonstrations cov- 
ering the following subjects: hours 


Personnel safety and safe working condi- 
tions. 


Use and care hand brush and con- 
ventional roller. 


Theory surface preparation. 


Theory paint flow, and reasons for 
multiple coating and stipulated mil 
thickness. 


Toxic and flammability hazards, detec- 
tion, prevention, etc. 
Care and maintenance equipment. 


Practical (field) demonstrations 
covering: hours 
Rigging and scaffolding. 

Safety and hazard detection equipment. 
Hand cleaning surfaces. 


Application paint with 
and conventional roller. 


Second year, 140 hours 

Lectures and demonstrations cover- 
ing the following subjects: hours 
Power tool cleaning. 
Chemical cleaning and flame cleaning. 
Water blasting 


School 


Rutgers Newark Extension Center 
Rutgers Newark Extension Center 
University of Minnesota 

Wayne State University, Detroit 
Newark College Engineering 


3 John O’Connel Vocational High School, New York 


Polytechnic Institute Brooklyn 
Polytechnic Institute of Brooklyn 
Newark College of Engineering 
Newark College of Engineering 
Newark College of Engineering 


University Florida 


New York University 

New York University 

McCoy College of Johns Hopkins University 
Los Angeles City College 

Washington University, St. Louis 

North Dakota Agricultural College 

Missouri School of Mines Rolla, Mo. 
Missouri School Mines Rolla, Mo. 
Missouri School of Mines Rolla, Mo. 
Missouri School of Mines Rolla, Mo. 


University of Washington, Seattle 
John Hopkins University, Baltimore, Md. 


Description and use pretreatment 
materials. 


Personnel safety and safe working con- 
ditions. 


Use and care conventional spray 
equipment. 

Description and use alkyd resins. 

Description and use epoxy resins. 

Description and use phenolic resins. 

Description and use vinyl resins. 

Measurement surfaces. 

Care and maintenance equipment. 


Practical (field) demonstrations 
covering: hours 
All methods surface preparation. 
Rigging and scaffolding. 

Application paint with conventional 
spray equipment. 
Measurement surfaces. 


Third year, 140 hours 


Lectures and demonstrations cover- 
ing the following subjects: hours 
Practical repaint intervals. 

Low pressure spraying. 

Hot spraying. 

Airless spraying. 

Use pressurized rollers. 

Care and maintenance equipment. 
Theory and practice inspection. 
Interpretation specifications. 
Types corrosion attack. 


Paint system evaluation selection 
procedures. 


Cost estimating. 


Practical (field) demonstrations 
covering: hours 


Application paint with all types 
equipment. 

Inspection surfaces. 

Spot repair deteriorated areas. 


Classroom work during the training 
period should conducted quali- 
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fied paint engineer supervisor. Field 
work during the training period should 
under the direction foreman-grade 
painters specially-trained journeyman 
painters. Actual field work should re- 
lated the subject matter covered 
the classroom. 


Advanced Training Journeyman 
Painters. Painters who have already at- 
tained journeyman status but who wish 
avail themselves advanced training 
should encouraged so. Task 
Group members think that they can 
best trained through the media prac- 
tical schools such those conducted 
annually the Houston Coatings So- 
ciety and the annual short courses similar 
those conducted annually Dr. 
Wouter Bosch the University Mis- 
souri School Mines and Metallurgy, 
Rolla, Missouri. 

Curricula for these courses vary from 
year year according the needs 
the prospective students. However, the 
subject matter covered has always been 
pertinent and timely, and the lecturers 
have been persons who have demon- 
strated mastery their subject matter. 

recommended that contractors 


and industrial managers should require 
their key painter personnel attend 


Any discussion this article not published above 
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least two schools per year for three years, 
company expense. addition, these 
key personnel should urged attend 
local NACE and Coatings Society meet- 
ings. 

also recommended that adminis- 
trators who devise curricula for training 
schools should attempt follow the ap- 
prentice training program outlined 
this section. 

Above all, those genuinely interested 
painter education should direct their 
sales pitch the painter himself. When 
there instilled within the painter 
desire learn, all else will follow 
due time. 
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248 pages, inches, plastic 


back, flat opening. 


Contains complete NACE Abstract Filing System Index, 2136 abstracts 
1956 corrosion control literature alphabetical list 2859 authors, 
thorough alphabetical subject index, complete cross-references. 


This book gives you easily used key the published data corrosion 
control during 1956. Use save countless hours time searching 
general indexes; take advantage this wealth carefully classified 
information solving your corrosion problems. The book has been 
rearranged for quicker reference, easier use. Order your copy today. 


BUY ALL SIX 
VOLUMES 


$40 


Note cost Book Post 
Registry 


1954-55 
containing 4287 ab- 
stracts 
NACE 

Members. .$15 
Non- 
Members. .$20 

1952-53 VOLUME, 
containing 3344 ab- 
stracts 
NACE 

Members. .$10 


Non- 


Members. .$12.50 


Get the Keys Years Corrosion Control Literature 


These six volumes cover the period 1945-55 20,045 abstracts carefully classified the NACE Abstract 
Filing System, Every volume cross-indexed, with alphabetical subject and author indexes, Save valuable research 
time with these abstracts. 


1950-51 VOLUME, 
containing 4454 ab- 
stracts 
NACE 

Members. .$10 


Non- 
Members. .$12.50 
1948-49 VOLUME, 
containing 3512 ab- 
stracts 
NACE 
Members. .$10 


Non- 
Members. .$12.50 


Send Orders and Remittances 


NATIONAL ASSOCIATION CORROSION 


Hull, Executive Secretary 
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1956 
Bibliographic 


Survey 


Corrosion 


Topically Arranged 
Topically Cross-Indexed 
Alphabetically Indexed 
Author Index 


NACE Members 
$22.50 


Non-Members 
$27.50 


Foreign remittance should international 
postal express money order bank draft negotiable 
the U.S. for equivalent amount U.S. funds. 


addition the prices shown above, there 
charge 65c per package for registered book post 
addresses outside the S., Canada and Mexico. 


1945 VOLUME, 


1946-47 VOLUME, 


containing 3362 ab- containing 1086 ab- 
stracts stracts 
NACE NACE 
Non- Non- 


(This book not indexed by 
the NACE Abstract Filing 
System) 


Remittances should include for book post registry 
single volumes; or, for all six volumes, $1.95 to all 
addresses outside of the United States, Canada and 
Mexico. Foreign remittances should be by international 
postal or express money order or bank draft negotiable 
in the U. S. for an equivalent amount in U. S. funds. 
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Six years ago, Duriron anodes replaced 
aluminum provide cathodic protection 
for 100,000 gallon fresh water tank. 
They’ve never been replaced. Negligible 
consumption after more than 1,600,000 
ampere-hours indicates that the Duriron 
anodes will meet exceed their life expectancy years before they will require replacement. 
Duriron 
Compare this with annual replacement 
for the aluminum anodes formerly used 
the job. Think the costs you save 
eliminating frequent anode replace- 
URC ment! For latest data and case histories 
fresh water, salt water, ground bed 
and duct applications Duriron anodes 
write for Bulletin DA/7. The Duriron 
Company, Inc., Dayton Ohio 
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you’re faced with corrosion problem that’s 
compounded with high-temperature condition 
solve permanently and fast with Pitt Chem X-201. 

This high-temperature mastic, combination 
selected asphaltic bases and inert mineral fillers 
specially formulated withstand temperatures 
400°F continuous service. Although X-201 re- 
mains permanently plastic, does not sag drip. 

Pitt Chem X-201 solvent-free. provides maxi- 
mum assurance against fire hazard and eliminates 
shrinkage. Surfaces coated with X-201 are ready for 
service immediately upon completion application. 


*PITT CHEM ‘‘insul-Mastic’’® Gilsonite-Asphalt Coatings 
*PITT CHEM ‘‘Tarset’’® Coal Tar-Epoxy Resin Coatings 
*PITT CHEM ‘‘Tarmastic’’® Coal Tar Coatings 


CHEM x-201 


Pitt Chem X-201 High-Temperature Mastic has 
been used extensively protect chimneys subjected 
most severe corrosive conditions. also used 
between insulation such Foamglas, hot uninsu- 
lated pipe flanges and areas where similar 
corrosive conditions are encountered. Contact your 
local Pitt Chem Industrial Distributor, he’s listed 
the Yellow Pages. Let him give you complete 
information Pitt Chem X-201 and the Pitt Chem 


Industrial Coatings Systems. 
3306 


PITTSBURGH 
CHEMICAL CO. 


GRANT BUILDING PITTSBURGH 19, PA. 


A Subsidiary of PITTSBURGH COKE & CHEMICAL CO. 


al 

P 

¥ a q 

2 A, 4 

or 

i 

> 

PROTECTIVE COATINGS DIVISION 

4 


